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PREFACE. 


'rifK* and Paheaniido^^^f was orii^inally en- 

trusUAl to j^ufiiLs ICwaM.of itcriin. IfisUwiriil < '.uinmlsslon 
of Ihe Havaiian Royal Academy rtf Sri^mce.s c'ould not have 
mriilc a trappier choice. hAvaki was one of therfew geologists 
who had been actively engaged in geological research during 
the^first half of the ninetceiiih ccnlury; he had witnessed the 
niosr brilliant period of the n.se f»f geology in Cermany, and 
had been for a long ti?ne personally acquainted wHi raost of 
ihe^o'cal exjjonents of the science on the (Continent. Unfor- 
tunately it was not granted to hhvald to bring his task to 
completion. A few years lieforc his death his feeble health 
compelled him to give up the work he had undertaken, and 
the results of many yea'rs* labour which he had expended upon 
it were entirely lost, ?»s his will directed that all his unfinished 
manuscripts should be destroyed. 

Although the present author of the ilislnry a/ Ge(d({^y was 
^asked to depict chiefly the history of the growth of the science 
ill Germany, the nature of the subject Is .such that it could not 
lie successfully trtMlcd along national lines. ^ All civilisad 
nations Iflvt shmxal in^t^e (kwiiopment of the natural sciences, 
the histcjry of anyone of which must lie to a*^erlain extent 
the liistory of a scientific freemasoniy. I'hc c|uestions c?f thcj 
highest import in Geology and Falmontology are in no way 
affected by political frontiers, and the contributions to iIk 
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progress of those studies made by members of any 
can only be ai^ueciated in tiutir truo»\‘alucsbvhen held in ibe 
4)alance with the general position of niseare^at the liuif, nml 
with the discoveries and advances made by oilier go«4ogis!s^ 
irrespective of nationality. 

In spite of some doubt and consideraticnf on iny part, it 
seemed absolutely necessary to continue thft Ilisif^rv r/ 
and Palmniology lo the present day. yf historicill exposition 
of these sciences which should close wiili the sixth or even 
the eiglith decade of the nitneicenlh cc»tur}\ wofild be ml of 
date in many respects and out of touch with tlie modern 
standpoint My task was made more difficult by such an 
extension of the subject-matter, as there has been no previous 
historical work dealing with the newer researches. JmriSer, 
the mode of treatment which appeared most suitable fof the 
older pernds could not be retained 'vvith advantage for*the 
treatment of the modern development. The greater and 
greater specialisation and branching of the science which look 
place during the latter half of the nineteenth century, seemed 
to demand individual descriptions of the different areas of 
research in preference to a general comprehensive survey of 
^the leading features in all. • 

The geological writings of antiquity have little scicntificr 
value, and they are therefore only briefly indicated. Again, the 
period subsequent to the downfall of the Roman Empire anti 
extending into the secbrrd half of the eighteenth century, 
though it has contributed a number of noteworthy cilcserva- 
tions, is mainly conspicuous for its %pot!ie.scs.* 

Brocchi, Lyeh; and others have depicted this oltk*r develop' 
ment^of geology. Keferstein’s Gcsdikkie und Likminr der 
Geogmsk is coiUinued to the year 1840, but for the period 
from 1820 to 1840 it supplies only an enumeration of books 
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and i]i»j!iinir.s. Friedrich lloflmann gave a much more attrac- 
tive arrouni of the hi of geology, and carried it as far as 
the 18^5. ^llie Instory of geology liy Sainte Claire^ 

^)e\ illy covers practically the same ground, hut devotes nunc 
than a third of the whole work to the writings of Fdic (Ic 
Beaiimcmt llie ♦tight volu!nt‘s of D'Archiac’s Histmre des 
iie ia Ghd^ie provide for the period 1S34 io 1850, 
afterwards#riln[tinued^ti> 1830, an cxhaiwtivc discussion of ail 
the geological |nihhcatlons that appeared during this time, 
hut is a work intended primarily for the specialist. The 
rln<d‘ work and the later historical wridiigs of tins eminent 
Frencliman gave the predomiiivint place to Fvmch authors, 
and owing to his tlcfective knowledge of German, the con- 
tril)^tions in that language- met with scant attention. 
H. X’T^gdsang’s Phi 7 imphk df/ contains .tn interesting, 

hut yery subjective, histwical introduction, wherein ih^ pK)gress 
of petrographical knowledge is more e.spccially considered. 
Yaliiablc contributions to the history of geology have been 
made by the fluent pen of Sir Archibald Geikie. His ad- 
mirable biographies of Sir Roderick I^furchisoii and Sir Andrew 
Ramsay offer far more^than the title indicates. With unsur- 
passed Fiterary skill and scientific mastery of the subject, they 
describe ffie development of geology in Great Britain during 
the lives of these ilhistrious geologists. In a course *bf lectures 
^on the IhiMders 0/ Sir Archibald Gdkic has given a 

series of admirable biograplTies frcyii# which may be culled 
a connected account of the early advances in tlie science of 
geology. ^ IP 

I have derived information from all the aluj;^a>mentioned 
works; but it has usually beeii my endeavour to consull; the 
original sources, and to h>rm my own judgment independently 
of all books of reference* Where criii(‘al treafnjeni was called 



for, I have tried to pres^-rvc the sin^lisi nii|U3lial!l} : in tlie 

case of controversial matters wliieh l^ave alviaidy arrivi il at a 

solution, I have limited myself in the thv, 

historian. « 

«• 

The original works of ix'ferenre arc cited at the* ramclnsion 
of each chapter, and will prove nsefiil lo*lhe in«>rc sptrial 
student of the sul)jeTL * t ^ 

Whetlier I have succeeded in the dflicailt Iriik^of writing 
a History of Geology and Paheoniology that will iffij 

spcciit^ist and also caunmend list, 'If to ^'very man of niltiioy 

must be left for my readers to deritle. * 

I 

• KARl. A. VtbK /ITTEL. 


Muxicii, /w/t’ 1899. 



TKAXSL;\T( )R'S NOTE. 



TiiK tv\t of llu' oiu:inal han bci*n somrwhat rurtailt^ the 
trail, slatif>«j b^Jih in nnWr to meet the wish of the author, and 
to Kvrurr unihanniy witli tlu* olherftoluine.s of the Con- 
temporary Hoieiire Scries. I have tinhilcd entirely a chapter 
0^ seventy seven payees on Tojiographical Geology, which was 
mom special in ehaumler tlian any of tlie oilier chapters. I 
have also cunitted the lists uf hooks of reference, taking care 
li?*einhocly in the text all the more important piililu'ations ; 

have eondensed the .siihject matter wherever it seemed 
potsihle to (hi so without detracting from the scientific 
value of the 'Fhese changes have been made 

with the author’s a|;^>roval It only remains to add that, 
as a former pupil of Gehcimrath Professor von ZittcFs, and 
one wlp bearh very giatcful feelings towards him, it ha# 
afforded me great pleasure to translate this woi\ 

MAlilA ISL OGILVIE^IORDON. 


AISKRICCN* ICDL 




CONTENTS. 


*N'rK 0 i)i;ci‘J 0 .v. 

f 

ril*'’!' 1*1' KxuWiJjM’.E IS I'UK 
A<;r,s HF AN'riurn V - - . . 

Sli*tNn rj’.kK '-'rHF. OF PAL.f(‘N- 

AMf C i 

^ V4!J>nu t'l'inini:- alnnst ij; of the 

ILii il i\ an»l hi'vFfiy, 2^^; lU'ginnjtig-i of gcfilogical 

c»l-?cn4tiois» ih L. Leck'ic tie Biifmn, 41; Vokanoc?) 
a»d cAsthqii.ilo'^, 44. 

TiiiKo Pfruu* -^'Fhk* Heroic Age of CiEology 
FRC^M 1790-1820^- - - . . 

S 

Falla? am! Pe 49: A. < 1 . Werner and his school, 

56; Leoyohl vor* Buch,, «»! ; Alexander von HumboUlT, 
64; Uiiium, I’lnylair, ami J. lialK 67; Theoriis of the 
KartIFs ongin Frojif^HNl Lnc, Pe la iMetherie, 

Fitislak, Kant, 75; LoeaUgfogmtelic dcTOp- 

lioits ami sOaligraphy: hi) rM'inuny, Ki j {/f} Austria- 
iliiimary ami the Alps 87; {* \ Italy, 94: hO h'mnce,, 
IhlgHiin, llidlual, %m! ihe Iheiian Fcninsiila, 103 ; (A 
CliiMt Ihitaiij, 10S: ij) ,Sramlina%ia ami Uiismse^iS; 
f;A Amriira, Audialia, Africa, iiu; Tiogtess of 

IViiograpliy; KeptunmH, Voleanists, nml Plnttahsts, 
122; l\il;wmt«' 4 ogy, 125; Tcxt-Uioks ami hamihouks of 

f tA2. 


fAOFS 

I~I I 

.11-46 


46-145 



XII 


CONTENTS. 


W 0 

Fourth Pkriod—Newkr DEVELr*i*MKXT (H- 

LOGY AND PaL/EONTOLOUV -i -* ' U|5 “ 



of Geolol’ical Sudctics, aiul of the Geolufjcal Survey 
Departments, 146. 


CHAPTER 1. 


)SMiCAT Geology- - - 

Ojsmogony, 154; The Sun, 156; The .'»lar^ rtini 
planets, 157; The Moon, 161 ; Meleoiilcs anti 
stars, 163 ; Gcogeny^ 166. 


CHAPTER II. 

PHYSIOGRAPmCAL Geology - - - - t72*-lB5 

Ftrm/^ske, and weij^ht of the Eailh, 174; The Kaith'b 
internal heat and the constitution of its iulenur, 175; 
Morphology of the Earth's surface, iSi. 


CPIAPTER III. 

Dynamical Geology - . * , 186-323 

General survey, 1S6; Carl von Hoff, 187^ Sir Chailc% 

Lyell, 1S9 ; (ur) Geological action of the atmosphere, 197 ; 

( 5 ) Ge( 51 ogical action of water — Springs, 200 ; Cliemical 
action of water, 202; Erosion, 203*, Denudaiion, 214; 

Mechanical sediments, 215; Chemical deposits in water, 

217; (c) Geological effcc^^s of ic^ 220 ; Glaciers, 220; 

The Ice Age, 222 ; {d) Geological action of organism^, 

239 5 240; Coals, 240: Silicc<»us earth, 213; 

Algal and foramini feral limeslune, 243; C#ial reef-^, 21% 

Petroleum^ 253; _ Volcanoes, 254; (/) KartlapialcN 

280; (.^) Secular movements of uj shea vai and depressiun, 

2S5; {h) Older disIocati#ms in the earlhls crust, 295; 

Tectonic structure and origin of the continenlh am! 
mountain-chaKis, 306. 



CONTENTS. 


CHAPTER IV. 

rKTKr<;R\!1l/ - - ':» 24-362 

\\rrncr, 324; Xicnl, 326: KhjTuljeij^, 324; C, K. 

Niuiiiiann, 327; (i, Uivlioi; 32;; H. CHItmi Si.rhy, 

32B ; FfnIiHAn'l /iikt'l, 329; 320; Kosen- 

liJiN'ii, 331; nivl MielH-l-L(‘vy, 341; Scheeier, 

i^3|2; III ^ : A. n.uihrct*, 3 1 j, ; Ou^jn (,f 

3|C>; 350; f^nstuliim* scIihU, 332*/ 

ni r.».*ks, 354 > nynatHu-iiu'iaiiHH'plii^ni, 

357 ; Li|i\\uisli, 360. 

m 

CHAITKR V. 

PAt.TONTOLnfjy ... . 363-424 

Ctcnera! 363; Fossil pl.mts 56S ; Fo^^il 

animals, 375 * Fifitc</nn, 3S3 ; Spuiv^iJa, 3S5*, C(*»lcn- 
Ictala, 3S<S ; Kdiinuplerniataj 3‘)2 ; Ikachiopocla, 397; 

I^follsHca, 400, LaiiH'llihianrlnatn, 401; (iastropodn?^ 

401; rfc*|i]5rilo|HHla, 4<»2; Arlhio|uHla, 406; Veitcln'ata, 

► 4CM9; i’lslirN. 410; AmphsMaus, 412; Reptiles, 415; 
iRiMln, 41S; Maminnls, 4!8. 


tllAPTER YL 

StRATICmPIIICAL CnOLOfJY - - . . 

A. The early f<>un<lalion«> of stratip^rapliy, 425 ; fl. 
Special siraligr.iphy, 438 ; (<i) AjcIli'uh am! pie-Cainlnian 
recks, 430? (^*} Cauihrian ainl Siluiian systems, 441 ; 
(4 Devonian system, 448; (7) CrwbSiufeiows sysit-m, 
450; (r) IVrmian system, 453; (/) Tiiassic system, 
45 *»; Ja) J«rassic system, 497; (A) Cretaceous system,# 
$14 Tertiaiy s^tem, 526; (^j ijiunvrnnij forma* 
tioiis, 338. ^ 




Page ns, 

»i 7 o, 

, , 208 , 
227 , 
M 393 - 

„* 40 s, 

ill. 


i:rrata. 


line i,>- “ j. T. Peiger," 

.> G, “ Kletirien <le Pdlevue,” 
>1 22, ,, “ Julius Roll),” 

.. 6 , „ ‘•Kl,er,” 

• > 3I1 I, “ Hiifckliault,” 

»> 23, j, ‘‘ Aiisliii'/’ 
jj 10 , ,, iUickmaitn,” 
j? 3^j 3t Trascliel/’ 


read ' 


‘ J. F. Bergci.'’ 

‘‘ FIcuimu/' 

‘ Jut4us.“ 

‘ Fbcl.*’ 

* Buiklijf 
‘ Austciis.’* 

‘ Buck man.*’ 

‘ Truscbd.** 




history, of -geology and 
pal'^ontology. 

INTRODUCTION. 

# 

First Period— Geoi.ocical Knowledge irf the Ages 
OF Antiquity. 

m 

In all ages there have been men who have given serious 
thougtit to the historical aspect of our terrestrial ’home, to its 
origin and its developn>^nt ^ hut any clear conceptign pf the 
beginning of the Earth — based, that is, upon scientific facts — 
* was gs remote from the most cultured nations of antiquity as 
it is |t the present day from the barbarous races of mankind* 
The polymorphous myths of the Creation represent the varying 
ideas which ’were formed regarding natural phenomena; the 
limit of the spiritual field^of vision determined the wider or more 
circumscribed flights of imagination. The wide chasm between 
the childish Saga of Creation handed dowm by the Bushmen, 
Australiarfo, Eskimos and Negroes, and the grand poetic 
conceptions of the Aryan-Germanic races of Europe, conveys 
to us the immense difference at that time in the condition of 
culture and intellectual capacity of these peoples. * 
Tradition has preserved t# us the posmogenetic and geo- 
genetic views of the civilised racel of the Mediterranean 
countries and of Asia, and these arouse our admiration Iw 
their |x>e% and philo^phic depth. But there was *no trace 
either of exact observation of natural phenomena, or of logical 
deduction from such observations. ’ 

Amongst the ancient stories of the Creation the Babylo’ftian 
and Jewish accounts are pre-eminent for their intuitive skill 
and for the excellence and conciseness of their^Ianguage. The 

I 
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traditions of the Babylonians are recorded in the cuneiform 
inscriptions found in the ruins of NHieveh.^^ Creation begins 
with Chaos. 'The gods arose before heawn and earth had 
-taken shape, while the tumultuous floods of oceans were still 
intermingled in the universal chaos. The gods chose Marduk 
to be their champion against Tiamat, the disturbing, chaotic 
ocean-flood. Marduk armed himself with lightning flash and 
thunderbolt, and called the winds to his assistance. Alardiik 
vanquished Tiamat, and divided his coi^se into two parts; 
from the one part he created the heaveifs, and the other 
the earth and the sea. Marduk peopled the heavens witb^ starr, 
the dwellings of the great gods. Then followed the creation 
of plants and animals, and finally the creation of the two first 
human beings out of clay. The evident agreement of the 
Babylonian and Jew^h conceptions becomes even more ap- 
parent in the"‘account of the Deluge, winch was at first only 
known to us from the epic of Berosus, but has now also been 
discovered in cuneiform inscriptions. ♦ 

The Mosaic account of the Creation far excels the Baby- 
lonian in its noble simplicity and in the strength and beauty of 
the language. In it the origin of th(f world, of the earth,and 
its inhabitants, is represented as the work of a personal 
Almighty God. The Jew^s were alone among the great nations 
Of antiquity in realising the godhead as a unity — all-powerful, 
all-embracing. The Mosaic account was incorporated in the 
Bible of the Christian Church, and, unfortunately, became 
invested with a scientific value by the Ghurch. This retarded 
the development of geology for many centuries, inasmuch as 
^ theologians regarded the Mosaic account aS a divine j;cveiation, 
an essential dogma of the Christian Church, and sought to sup- 
press any investigations and writings of scientific interest which 
did not harmonise with it. 

While certain natural events, such as earthquakes, floods,- 
and sometimes volcanic oruptions, recur in the primitive tradi- 
tions of the different nations, these cannot be regarded as 
^ording^ a basis of geological facts; their interest Js rather 
mythological and religious than sclentifc ^ 

The Greeks were less inclined than the Oriental nations to 
interweave the ideas of mythology, religion, and science; they 
viewed natural events from a more critical standpoint, and 
treated them as^subjects of philosophical speculation. Various 
hypotheses were formed to explain the beginning of the earth. 
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Hesiod^s *®TheogOiiy” is the oldest of the Greek cosmogonies, 
but from what lye knOi^v of it, the speculations of this early 
Greek philosopl^r were rather brilliant flights of fancy than 
efforts to Jlssiniilate observations of natural phenomena^ 
Thus^ the world Is said to have taken origin from a primeval 
chaos, and to have given birth to the heavens, the mountains 
and tile oceans; then the races of gods sprang from the earth 
and the heavens.- 

"■fiiales of Miletuf, the contemporary of Croesus at^^d Cyrus, 
considered ^hat everything, animate and inanimate, was derived 
4 'rom#water. His gifted scholar, Anaximander (born €irca 6ii 
BX.), arrived at a higher conception of Nature. He depicted 
an infinite, albpervafiing primeval substance, possessflig an 
inherent |Jbwcr of movement from the first. The energy of 
this primeval matter determined heat a«d cold, and the mix- 
ture of these conditions gave origin to the flevelopment of 
fluid; the earth, the air, and a surrounding circle of fire 
differentiated from the fluid state. ‘The stars sprang from fire 
and^ir; the earth rested in the centre of the whole universe, 
and under the influence of the sun brought forth the animals 
which inhabit it Th0se, including human beings, were at 
first fish-like in form, consistent with the semi-fluid state of 
thew environment Thus Anaximander had the merit of 
appreciating certain physical states as attributes of universal 
matter; his work, is unfortunately lost. 

Xenophanes of Colophon (born 614 bx.) is reported by 
later writers to have observed the shell remains of pelagic 
mollusca on mountains in the middle of the land, impressions of 
laurel leaves in the ificks of Paros, as well as various evidenceS|, 
of the former presence of the sea on the ground of Malta, and 
to have attributed those appearances to periodic mvasions of 
the sea during which men and their dwellings must have been 
^submerged. The historian Xanthus of Sardis (ana 500 bx.) 
also drew attention to thS occurjeace of fossil shells in 
Armenia, Phrygia, and Lydia, far from the sea, and concluded 
that the; localities where such remains occur had ^been fdV- 
merly tl^ bed of th^ ocean, and that the limits of the dry 
land and the ocean were constantly undergoing change. 

Herodotus (born 484 b.c.) mentioned the presence of fossil^ 
shells of marine bivalves in the mountains of Egypt and near 
the oasis of Ammon. From this fact, as well as from the salt 
constitution of the rocks, Herodotus formed the opinion that 
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Lower Egypt had been at one time covered by the sea^ and 
that the material carried down by the had4)een discharged 
into the sea-bfisin between Thebes and _ and the 

present delta, and gradually filled it up. Ilecodotus coiikl not 
form any definite opinion as to the cause of the Nile inunda- 
tions, although he gave a careful report of the hypotheses then 
in favour. 

Heraclitus (born 535 lea) thought there wfls in the universe 
nothing stable, nothing lasting. Everythiii^ was in a $tat» of 
constant change, like a stream in which fiew wavm gmcllessly 
supplant the old. For him fire was the primeval force, viiiclf*' 
unceasingly transformed itself, pervaded iwcry portion of the 
universe, produced individuals, and again destrojed them. 
Fire became the ocean, and that again earth, and the lireath 
of life. The rising vapours burned in the air and formed the 
sun, which wa? renewed from day to day. Thus Heraclitus 
taught that although the universe alway.s had been and always 
would be, no portion of it had ever been quiescent, and tfiat 
from time to time a new world was constructed out o^the 
old. 

Pyth%cfas, who was born at Samos tbout the year 582 iwc., 
and afterwards went to Crotona in Italy, is one of those 
eminent leaders of thought around whose name and teadfing 
much that is mythical has gathered. The exponents of* his 
teaching in subsequent ages too often attributed to the early 
Pythagoreans conceptions which were in reality foreign to the 
doctrines of the great master himseM, and it is extremely 
difficult to disentangle the threads of original thought from the 
rconfused web of tradition. It is clear tbit the lVtl|tgoreans 
indulged more in abstract speculation than their predecessors, 
and gave le^s attention to observation of nature. They sought 
to explain natural phenomena chiefly by analogy with definite 
numerical relationships. An ordered universe depended, ^ 
according to the Pythag< 5 reans, upon the principle of numbers. 
Consequently the properties of numbers, individually con- 
sidered, in sequence, and in combination, were investigated 
with a zeal which enabled the school toiay the fouiteition of 
important mathematical advances. In applying the principle 
.^f numbers to musical sound, Pythagoras is reputed to have 
arrived at a true conception of musical intervals and to have 
established the t^ieory of the octave. On the other hand, the 
Pythagoreans were less happy in their application of the liraita- 
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tion of numbers to the physical problems of the universe, and 
lost themselves in forced analogies and conjeciiire regarding 
the ‘'harmony *of the spheres.^’ Accordiiig to Diogenes 
Laertius, Pythagoras imagined the universe in the form of a 
sphtife. The eaith was in the centre, and bore the axis aroun 3 
whicli the firmament revolved. The moon, the sun, Mercury, 
Venus, ]\Iars, Jupiter, and Saturn described circular paths 
round the earti\ and the harmonic motion of these bodies 
ca%'tl fo^*th the music of the spheres. Ilic Pythagorean 
Fhilolaus ijiiprovcu# on this conception. He described the 
^univgrse^as a system comprising ten heavenly bodies — the five 
planets, the sun, the moon, the earth, and a counter-earth 
which moved from ’^cst to east round a ccnlrabrirei^ The 
earth turned one half towards the central-fire, whilst the other, 
or inhabited half, received light anjj heat from the sun. 
Entirely beyond the circles of this system lajithe fixed stars 
and the illimitable ether from which the universe drew its 
br#aih. 

The principle of constant change taught by Pythagoras and 
Heraclitus is also a leading feature in the doctrines of 
Empedocles of Agrige^iium (492-432 n.a). Empe^oglcs sup- 
posed that everything had its origin in, and -took its components 
fre^n, four dements (earth, water, air, and fire); that these 
elepients were without beginning and imperishable, but subject 
to never-ending change. From these elements the world at 
one time took shape, and it must at some future time be again 
dispersed. The coiir^ of the world’s existence resolved itself 
into a history of recurring periods and phases. As Empedocles 
did not concern hii^iself about an empirical basis for most of 
his theofies, it is of little avail to enter into his physical ani 
biological speculations. Geology, however, owes one distinct 
step in advance to this philosopher. Whereas the Pythagoreans 
had conjectured the presence of a central fire in the universe, 

^ Empedocles taught that tke earth’s ^centre was composed of 
molten material Empedocles fornled this opinion on the basis 
of his actual observation of the volcanic activities of Mciint 
Etna, ll^adition sa^ that he met his death by fallhig into the 
crater of that volcano. 

Leucippus and Democritus of Abdera (amt 490 b.c.) were 
the founders of the school of atomic philosopliy, whicl>of afr 
the Greek systems approaches most nearly to the opinions of 
tile present day. According to Democritusf the only realities 
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are atoms ; nothing that exists can be destroyed ; change 
takes place in virtue of the combi nation or separation of 
atoms. Atomr are always in motion and^, arc endless in 
i^umber and variety ; they move about ^in ^pace ; , they 
press upon one another in every direction ; they assume 
eddying movements which give origin to new worlds: but 
everything happens according to a definite sequence of law, and 
nothing by chance. Even the ^oul consists of very finely 
divided atoms which permeate the body ^nd cal! forth <the 
phenomena of life. ^ ^ ^ 

In opposition to the materialistic view of the atomic 
sophy, Anaxagoras of Clazonieiic'e (born 501 b.c.) regarded the 
soul as in itself a conscious, moving *force. In Ids cosmic 
philosophy he supposes an original chaos in whiclf a circular 
movement gives placef^to a universe, and at the same time 
effects a differentiation of ether, air, and water. The earth 
rises from the water, and receives .seeds from the air which 
develop into living' plants and animals. The earth is poi»d 
as a cylinder in the centre of the whole universe, and the |tars 
move round it 

As the influence of the Sophists atfd Platonic philoso|3jiy 
came more into ascendency, it tended to elevate dialectic and 
speculative methods and to depreciate the investigation •of 
natural phenomena. Cultivated and gifted as the Athenians 
of this epoch were, natural science owes but a small debt to 
them. 

Plato (427 B.C.), in his Cosmology, is a follower partly of 
Heraclitus and partly of Anaxagoras. According to Plato, the 
ij[niverse is the production of divine intcRigence anj| of the 
necessary development of nature. The form of the whole 
universe is €pherical ; in the centre lies the earth as a motion- 
less sphere ; around it are the sun and the planets, and the 
fixed stars occupy the outermost circle. All the heavenly 
bodies are inhabited; the^tpms coifiposing them are indivisible, 
and unite along definite limiting surfaces ; the universe itself is 
unthangeable and indestructible. 

An interesting account is given in the of a 

submerged Atlantic continent (Atlantis) on the other side of 
Jhe Pfllars of Hercules (Gibraltar). The idea of such a sub- 
merge's continent has agaii> received credence in recent geo- 
logical researches.^ In Platons account Atlantis was larger than 
Asia and Libya together, it had been inhabited 9000 years 
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!}cft)re his limv, ninl since its destruction by earthquakes and 
inundations i]avi|ali<m jn the Atlantic had been impossible 
„nving to the fine Jinid and detritus left by the v^iished land 
The. work df Aii<^iode ( ij c'.} marks the culminating 
point jearlitil by CinadSj both in the domain of speciilalive^ 
phiioHtqihy and in that of i‘tnj>iri(‘al observation. Although 
the physical and geological researches of the great Stagirite 
embrace less of -original djscovery than his researches in 
/ookgy and phy>io!^y, they groiq> and define more nrecisely 
the !)est /cfiilts of *lhe Eleati<;, Pythagorean^ and' Atomic 
f!iilc>.%)phers, rc-animate them with new thoughts, and fre- 
c|iieiitly place them on a true .scientific Imis. Aristotle departs 
from the atomic philov»phcrs in assuming that matter is diverse 
in c|iialily, iml that the universe is divided into an earthly and 
a heavenly half ; the imperishabk* ether luilongs to the heavenly 
half, %vhile the four elements, earth, water, air,iand fire, com- 
pose the carlli and the planets. The earth forms, in Aristotle^s 
cow'cpiion, the stationary centre of the universe round which 
the leaflets move to the left; beyond their orbits is the great 
ethereal circle of the heavens in which the stars move towards 
the/ight. The deve!o|finent of the earth is compaialile with 
that of an organism ; it has periods of growth, maturity, and 
dec»y. During recurring periods of rejuvenescence the lower 
aniwals take origin in the mud of the earth, and from them 
develop, by sexual generation, the higher groups of animals. 
The plants arc related to animals, and the different kinds of 
animals to one anotherjjy numerous transitional forms. Aris- 
toilers works seldom treat special geological questions, and his 
nieteorol^y, althougli it discusses earthquakes, the alternation 
of continent and ocean, the Deucalion flood and inundations 
of the Nile, docs not contribute much that is new. * 
Theophrastus of I.esbos (36S-284 n.c.), the most famous 
^pupii of Aristotle, devoted himself chiefly to scientific studies. 
In addition to his valuable tjotanica! treatises, he gave much 
information about minerals and fossils in a fragmentary treatise 
“On Stpnes.” A special work on fossils, with which Pii»y 
was appdfently acc|iiaititecl, has since been lost 
The Kncyclopmdists of the Alexandrine school occupied 
themselves chiefly with astronomy, mathematics, and geo- 
graphy. Eratosthenes (276-196 b.q.) by his mcasuremeiit^ of 
the degree in Egypt for the first time laid the foundation 
of a more exact estimate of the size of o\ir planet He 
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also gave expression to various hypotheses regarding the 
relationship of mountain-chainS; tlie ^action water, and the 
presence of the ocean above the contin^ait, as indicated 
by the occurrence of oysters and other marine organisms 
in the Libyan deserts on the way to the^ oasis of Aijiniom 
Eratosthenes taught that the changes of form accomplished 
by means of water, by volcanoes and earthf|uakes, and by 
fluctuations, of the sea, are insigpiiicant in ^}roportion to the 
size of the whole earth. ^ 

Thus^'it will be seen that the majority Cf the oI#!er Hellenic 
philosophers gave their attention to speculative consideMtiom 
on the origin of the universe and the earth ; but under 
the fflianifold activities of the Romair empire, a new and 
more realistic spirit became infused into the iifvcsligations 
of the great thinker*? Amongst these the first place must 
be given to Che historian and traveller vStra!>o (bt)rn r/rra 
63 B.C.), whose geography, comprising seventeen volumes, 
was written about the beginning of the reign of lll)ewiis. 
Strabo had a thorough mastery of the Greek literature, apd in 
reference to the occurrence of the above-mentioned iossils in 
the Libyan desert, he agreed with t!ie 4 h*eek philosophers that 
the sea had once covered certain portions of the land, but he 
also pointed out that the same district may sometimes rise, smne- 
times sink, and fluctuations of the sea-level are associated iiith 
such movements of land-surfaces. He further taught that eleva- 
tions and subsidences of the land are not confined to indi- 
vidual rocks or islands, but may affect #’hoIe continents ; that 
Sicily, Frocida, Capri, Leucosia, the Sirenian and CEnotrian 
islands had been separated from Italy %y earthquakes, and 
that probably all islands off the shores of continents liad origin- 
ally formed part of the mainland. The oceanic islands far from 
any mainland have, according to Strabo, been thrown up by 
subterranean fires. In support of this view Strabo cited the^ 
case of a volcanic ernptjon in the year 196 bx% betm^een 
Thera and Therasia. For four days flames rose from the ocean, 
and as these died down it was observed that a ne^ island 
had been formed, measuring twelve st«?dia in circSruference* 
Again, near Methone in the Hermionian Sea, a mountain, 
seven stadia high, had been thrown up during outbursts of 
sulpfliirous vapours and fire; and the town of Spina, near 
Ravenna, formerly a seaport, was now ninety stadia inland. 
Strabo is therefore rightly regarded as tlie father of modern 
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lhiiirii‘s tif iiiounlain-making, and we owe to him, moreover, 
the hy|iotln‘^is tlu| cnitbursts act as safety-valves for 

tire pent-up afaivi|es of suhterranean va|H)urs. Ffc pointed out, 
that Sic ily in 1 m inm was 1 i‘HK frerpiently disturbed by earth- 
•c|iiakej than it bad bet‘n in previous agtis Ijcforc volcanic 
disc'hargcs were known in the district, and ire correlated the 
coiniiaralive traiwpiillity uf^ tlie ground with the means of 
escape affordcil tor cxplosi\;t; underground vapours by tiie 
volawic vents that h||l opitned at Etna» in the IJpari Isjes,and 
in Ischia. ^ I4 speaks fiighly for Strabo's powers of observation 
Aat lii shcailci have recognised in A'csiivius a volcanic moun- 
tain alilKmgh it was then c|yiescirnt, 

Trobably the inusi arute srdeniihc tji>Kcrver of Roman times 
mas Seneca, *thc physitian of the Emperor Nero (born 2 or 4 
ac, died ^5 a.o.)* ^Jiihc recently, i\V»hnng has placed 
the importance of tlie work of Seneca in its trrR; light The 
(h/rfs/imrs Aa//mr/a contain detailed communications about 
eart^f|uakcs, volcanoes, and the constructive and destructive 
agencries of m^ater. Seneca explains earthquakes partly as a 
result of the expansitm of gases accumulated in the earth, 
partly by the collapse*' <ff subterranean cavities. 11% i«egards 
volcanic eruptions simply as an intensified form of the same 
$erie» of phenomena, and volcanoes themselves as canals or 
vents between local sub-terrestrial reservoirs of molten material 
and the earth's surface. He names the chief volcanoes, 
placing Etna in tlm first rank ; then Stromboli, Therasia, and 
Thera (the present Sjintorin ”)j but there is 110 mention of 
Vesuvius. He regards the earth as primitively a watery chaos, 
and it is more espcciilily in his treatment of the action of water 
in dissolving and carrying aw^ay rock-material, together with 
his explanation of the origin of sediments and deltas, that 
Seneca has shown his remarkable insight and sound judg- 
prent 

The learned hislorian, FiFliy the .Eider (23-79 a.d.), has 
handed down to us a compendium that embraces the whole 
scientific ,^knowkdge of antitjuity. His Ilisioria Naiurah\ in 
thirty-sevISff books, eriibraces the natural history of animals, 
plants, and stones, the history of the heavens and the earth, 
of medidne, of commerce, of navigation, etc.; in Lib. IL, 
c* 88 and 89, all the island.s that havie been thrown up inlihe 
ocean* are enumerated — ^Delos, Rhodes, Anaphe, Nea, Alone, 
Thera, Therasia, Hiera, Automate, and Thia. . The reports 
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about volcanoes, earthquakes, and fossils, occiirrini^ here and 
there in this work, are not always ttfustwoijihy. Tiicy seem, 
in most cas#s, to have been based on |indirL*ca informs 
tion. By a tragic decTce of fate, the untuin^ stiuiimt and 
naturalist met his death while taigaged in observiijg the* 
grandest geological event of antiquity, the first oiilbrcak of 
Vesuvius in the year 79 a.d. Pliny the Younger ikscrihes the 
death of his uncle in two letter^ to Tacitifs, recounting how 
at the l^eginning of the eruption the eldejp Idiny was staiikmcd 
at Misenum as Commander of the Flcetf but weijfi; once to 
Stabia to bring help to the sufferers and to witness thg greiH 
drama of nature. He died in the open field, probaldy siiffo* 
catedP by the volcanic vapour and ash. •ills corpse was foiiiul 
unharmed three days later, when the darkened s%:y gradually 
became clear. Thefyounger PIiny*s vivid descTiption of the 
eruption of Mount Vesuvius, and the accompanying earth- 
quake, is one of the most remarkable literary producti<uis in 
the domain of geology. It is certainly curious that he siTtmki 
have omitted to mention the earth-tremors at Herculaj,rcum, 
Pompeii, and Stabia, confirmation of which has however been 
given ‘by^Dio Cassius. ** * 

A poetic account of an eruption of Mount Etna is happily 
amongst the fragments that have been preserved front the 
works of Lucilius, the poet in the second century A.r>. Wllto- 
gether this volcano played a very important rMe in the litera- 
ture of the ancient writers. Nor were the Romans devoid 
of interest in fossils: Suetonius relates that the Emperor 
Augustus decorated his villa in Capri with huge fossil bones, 
which at that time were held to be thfe reniains of a giant 
race. * 

If we pass in review what antiquity has bequeathed to us of 
actual geological knowledge, we find our heritage surprisingly 
meagre. The tendency of eastern races towards the fanciful 
and of the Greeks to philosophical speculations, brought forth 
an abundance of hypotheses about the origin of the universe 
Snd the development of the earth; and even althoi^h some of 
these may in part coincide with accept^ scientific OToceptions 
of the present day, it has to be remembered that in these 
cases the early hypotheses were rather happy “guesses at 
truth/' than general theories founded inductively upon a series 
of accurately observed data. 

Iwar more valuable than the most ingenious speculations are 
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the orosian*il remarks ajid <‘f»^ervaticuis about volranoess 
earthquakes, lliiclwationst level in the lanii-surflices, the 
adion of m-ater, aifl othtT plinioinena of dyoanift geology, as 
well ns llii- ftr!ittered notes about the tK-eurreiKX* of fossils, 
fhi thcvother hand, not a single wiiter of tiic ancient work! 
showt^l any iniere**! in the hnn eaalnrnist, iu?t one observer 
gave a thrnight to the ('oiupohition of the rocks. Not the 
most acute thinke*r of those *r«1tur«*d peoples had even a 
shask»^y prerntmiiioim of the value that might appertain to 
fossils as w^nnsses oft sequenc'e of events in the history of 
oiff Nf)ne sugg ^^ted that our planet might have passet! 

through a sun'ession of changes laforc attaining to its present 
physical condilitm and fonftguration ; still less, that particular 
phases in tluf hidory of rhatjg<‘ might Ire deciphered from the 
c*haractct and superposition of the rocks# Tlie evolution of 
the earth and its denizens, whicit is at the present day the 
great prolilcm of geological ami biologi<\al research, played no 
part m the liieraturt* {^f antiquity; fanciful hypolljeses and dis* 
connected observations cannot le acknowledged as scientific 
begimnngs of researdi. 

* • • • 

SKfOND PeRIOO— The IbaUXXIXC.S ok rALit'.ONTOLOGV 
* AXn (iKOLDGY. 

The downfall of the Roman Empire dealt a severe blow to 
literary progress and he;>lthful interest in natural phenomena. 
The collapse of imperial power, the revolutionary Instincts and 
unrest, the variable lliigration of the races, the protracted 
straggle befweeii decaying heathendom and rising Christianity, 
the persona! wars of jealousy and greed in winch Europe was 
plunged during the greater part of the Middle Ages, all 
combined to check any spontaneous desire towards scientific 
investigation. * ^ 

A barren scholasticism took refuge in the monasteries and 
cloister sc^rools. The altitude of tlie Schoolmen, while it^ 
made mu^ of logical distinctions and the critical interpreta- 
tion of old doctrines, was unfavourable to the direct observation 
of nature. For many centuries (800-1300 a.i>.) tlie Arabs wae 
the only nation in which the true spirk of ancient culture and 
inquiry was kept alive. At great sacrifice they obtained 
possession of the classical works of antiquity, translated them 
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into Arabic; and the Caliphs, AI Mansur, Hariin-al-Rasrhicl, 
and Al Mamun, endeavoured to attr|ct to dicir courts the bt‘>t 
scholars of aM countries. Thus they handt^l down to piaster ily 
many of the most valued treasures of ancient learning, and 
they appreciably contributed to the knowledge of mathemarie^ 
astronomy, alchemy, medicine, and zoology, (leology and 
paiasontology, however, the kindred studies of the rocks and 
their fossil contents, were almos| neglected* by them. 

It was not until the close of the Middk Ages, in the fifteenth 
century, that a revival of learning sprcacJPlhrough^iirope. llie 
discovery of the art of printing brought books withm tfte rcv:h 
of many. The keen interest in classical authors displaytal 
by «he leaders of the Humanist mo'icment infused new life 
and activity into mental effort in every branch knowledge. 
Universities, learne# societies, and academies were foumlcdd 
The methoefc of dogmatism were cast aside with the decay of 
scholasticism. Copernicus the Prussian (1473-1543) absorbed 
the best learning that Italy could give him, and rewardsid the 
care of his foster-country by unfolding to futurity the ^system 
of the universe that bears his name. The Reformation gave 
an impulse to alt men to think for I^Tiemselves, and no Ipnger 
to accept blindly the traditions of past ages. Columbus, 
Vasco da Gama, and other bold navigators added the Wie.stern 
Hemisphere to the former domain of geographical knowledge. 
And if less imposing, still no less certain, was the steady 
advance made in natural science under the influence of the 
healthier tone that prevailed. Meg turned in earnest from 

^ Italy led the way in founding academies dtiing the era of the Renais- 
sance of literature and research. The “Platonic Academy ’^was the name 
given to a^roiip of learned men who were under the patronage of Cosmo 
di Medici, in Florence; but this society had no deiinite organisation. The 
-.Academy in Padua, ^ founded in 1520, must therefore be regarded as the 
Oldest scientific society, although it was not long in existence. In 1 560 
an Academy of ^Natuml Science was •founded at Naples, and in 159(5 ifie 
Academy dei Lincei in Rome was founded by the Marcese de Idondcdli. 
^It was not until the middle of the seventeenth century that the sciemific 
academies of France, England, and Germarw came into mmlence; then 
were established the Academic Fran^aise irri633, the R^l Society of 
London pn 1645 (established in 1662 with incorporated rights], the 
Academic dcs Sciences in Paris in 1606, and the Akaclemie der Wissen- 
- scliaften in Berlin in 1700. In 1725, Empress Catherine foimded the 
Academy in St. Petersbiug,*and in the same year the Royal Society of 
Sciences was formed in Upsala. Since that time scientific societies have 
been founded in most of the large university towns. 



IXTROI AUCTION, 


the iicsiiliory literary nicthcid of treating nature, la the niorc 
direel, more exacimg Ky.sjg.'iu of ob.^ervatioii and deHcriplion* 
FLiiUn, aniinalM, aii| rorks were studied with eiUlmsiastn, were 
exaniined, descl-iiitHi, figured, and i'lassified, so that in a rcia-* 
Uvely st|ort space ofliote a fairly extensive botanicali zoological, 
and iiiineraiogical literature sprang into existence. 

FiUitms '-'Vhe Cl reek and Roman 

writer* had corre«?lIy^rcalised titat fossils represented the 
reinains of |n%nals an 3 >plants, and most of the ancient writers 
hwl explained their preservation in tlic rocks as the rcsuil of 
great lutiiral catastrophes which luid changed the localities of 
land and water, and hr<«tght the swarming deni/.ens of th#sea 
into the midcfle of continents, burying them there. During the 
medireva! Scholasticism no progress was nade in the study of 
fossils. Avicenna (9S0-1037), the Arabian transl'*or and com- 
mentator of Aristotle, became imbued with Aristotle*s theory of 
the sdf-generation of living organisms, and tried to extend it to 
the ca^ of fossils. Avicenna suggested that fossils had been 
brought forth in the bowels of the earth by virtue of that 
creative force (vis //asiii'n) of nature which had coiitiiwally 
striven to produce the organic out of the inorganic, and that 
fossil* were unsiiccessful attempts of nature, the, form having 
been produced but no animal lilc i>estowed. 

The famous Alhertus Magnus^ takes the same standpoint 
more than two hundretl years later. He assumes a virius 
/(/rmafiva in the earth gs the origin of fossils, although he 
allows that the remains of plants and animals may be turned to 
stone in places where %encies of potrefaction are at work. 

With the^dawm of the fifteenth century began that long series 
of disputes about fossils which lasted more than three centuries. 
I'he questions under discussion were, whether fossil organisms 
hjid taken origin from a vis />/as/ita, or from living seeds carried 
in vapours from the sea, or fitim any li^dng force in the earth 
itself; whether they might be regarded merely as illusory sports 

cnllctl Alheitus Magnus, was born at T,amngen^ 
in Swabia NtudieU ill Padua am! Bok^na, took Dominican orders 

in 1222, lectUHHl fur^ several years in the ckdhter schools of Cologne, 
Hildesheim, Fu'ihiugfaml Regensburg, and iiuight in Paiis between the 
years 1245-4H. He iclurned then to preside over the High School^rf^i 
Ct)logne, and was made Bishop of Regensburg in 1260, This post he 
resigned after two years, and devoted himself, at Cologne, to his wwks on 
philosophical and theological themes until his death in 12S0. 
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of nature, or as mineral forms, or if they really were the 
remains of animals and plants that^ had cgice lived, and had 
been brought by the Flood or some other cliastrophe into their 
present position* * 

The world-famed artist and architect, Leonardo dg. Viiid 
(1452-15 1 9), took part in the discussion, lie had in his youth 
been engaged as an engineer in the construction of canals in 
North Italy, and had then seegi numerous fossils in position 
in the rocks. The opinions he form^ regarding thuffn arc 
remarlcable for their clearness and correftness. i.t^nardo said 
that the marine organisms scattered in the earth in thedlbrm'^f 
fossils had actually lived where we now find tliem. The sea at 
that^time covered the mountains of Newrth Italy; the rivenmud 
brought to the sea from Alpine lands filled the fffieiis of dead 
mussels or snails, and accumulated on the sea-floor; afterwards 
the mud deposits became dry land, and the fossils found in 
them were the casts of the ancient cells. He ridiculed, as 
absurd and unscientific, the idea that such perfect models of 
living organisms could have taken origin in the rock% under 
hypothetical creative influences of the stars. 

The Neapolitan, Alessandro deglF Alessandri (1461-1^23), 
mentions petrified conchylia in the Calabrian mountains, and 
ascribes their presence to an inundation of the contindlit by 
the ocean, caused by some exceptional catastrophe, or- by a 
change in the axis of rotation of the earth. 

Fracastoro,^ in the year 1517, gave clear expression to his 
convictions about fossils, which were#n accordance with those 
of Leonardo da Vinci. During the building of the citadel of 
San Felice in Verona, the workers founcf fossil muj^els in the 
rocks and laid them before Fracastoro, begging him to explain 
the marvel. Fracastoro repudiated the doctrine of a ms 
in the earth as impossible; and just as little did he give 
credence to the view that explained fossils as creatures left 
the great Flood. The Flood, h^ said, was of short duration, 
' and in the nature of things it would have left not marine but 
•Tresh-water mussels behind; further, on the assujiwtion that 
the mussels had been carried from the^cean to the land by the 
Flood, their remains would have been scattered over the 

Hieronymus Fracastoro, at Verona in 14S3, studied at Padaa, 
and became Professor of Philosophy there in 1502; afterwards practised 
medicine as a physician in Verona, and in his capacity of physician to Fo|>e 
Paul III. was a member of the Council of Trent. He died in 
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surface of the landj and would not have been buried deep in 
the earth, wliere tiic quar4:ymen had found them. There was 
he continue!, only one possible ex plan atk>n— that the 
fossils were thfi remains of animals which had once lived in the 
ioiMiitip where their remains arij now imbedded. 

Imr more iiliisirious tlian the majority c^f his contemporaries 
in K(‘iencc was (Icor^c Bauerd better known by his mm-de- 
piume of Agricola. • Werner r^ils him the father of metallurgy, 
and liie originator of critical study of minerals* Bauerls stay 
in Joachiii^sttal enabred him to become familiar with the mines 
titere, inci to make a collection of local minerals. The clever 
physic‘ian soon received general recognition as the best 
authority on mining, •jtiid the publication of his pamphlet 
** Bermannuf ** in 152H funher confirmed the prominent 
fiosition he held among mineralogists. Mis great w^ork, De re 
meiiiiika HM dmklerim^ contains 1 complete iescription of 
milling and metallurgy as then practised, as well as valuable 
comniiiinications about the mode of occurrence of useful 
miner^s, and about veins and deposits of ore. I'wo later 
works, JJe nafkra fossi/ikm, Lib. x., and De vekriluis ei navis 
mefaffis, Li!), ii,, describe fill the minerals known to thefiiitients, 
and al! those whicli had since been discovered. Agricoia^s 
obsepvations on crystalline form, cleavage, hardness, weight, 
colour, lustre, etc., have served as a model for all subsequent 
descriptions of minerals. On the other band, Agricola's 
remarks about fossils are of much less value. He had devoted 
little attention to the fossil remains of animals and plants, and 
he unfortunately united under the name B'ossilia " both 
minerals and petrifi^ organisms. This use of the term 
“Fossils "was perpetuated for two centuries in the literature, 
having been more especially adopted by the famous Wernerian 
School Agricola referred by far the greater part of the organic 
^mains found in the solid rock to a wholly inorganic origin; 
he regarded fossil mussels, Beleninitesi “Ammon's Horns," 
“ Glossopetra " (fish teeth), and other problematical remains as 

^ Georg ^iier {Agricola)\as born at Glauchau in Saxony in 1494. He 
went to Italy, where he grachmled m doctor, and then settled in Joachims- 
tha! as a physician; afterwards he was apix>inled professor of chemistry at 
Chemnitz, jand died there 1555. A complete edition of his works 'rrrr 
published in the Latin tongue in ^ Bale. A German ^translation of the 
mineralogical writisigs was published at Freiburg in 1816 by Ernst 
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“ solidified accumulations from water/’ analogous with marble 
and limestone. Yet in the case of ^ssii leaves, wood, bones, 
and fish, Agrkola allowed an organic origif, and thought the 
various objects had become petrified by the "action of a certain 
Skccus lapidescens everywhere pre.sent in wafer, ^ • 

Conrad Gesner, the famous Ziirich scholar, also formed no 
very definite opinion about fossils. To him we owe the first 
illustrated work on fossils, Dej-emm ftmUhim^ iapMum ti 
gemmarum figuris^ which appeared at^Airich in 156^ the 
year of Gesner’s death. He discusses tiie fosses along with 
other products of the soil (minerals, ores, prehisforic; stoiK3 
implements, stalactites, etc.), and compares some with the sun, 
mooft, and stars, others with plants •and animals, without 
entering further into their origin. ♦ 

The zealous collei^^tor, Johann Kentmann, in Torgau, and 
the Wiirtemb6rg physician, Johannes Bauhin, made no further 
inquiry into the nature of fossils, but Bauhin described, and 
gave figures of a large number of ammonites, belemiwtes, 
mussels and brachiopods from the Posidonomya shales and 
Middle Lias strata in the neighbourhood of Boll. 

In ifIt€^Jy, Andrea Mattioli, the ♦botanist, described^ the 
fossil fishes of Monte Boica for the first time in 1548, and 
followed Agricola in supposing that porous shells, booesp* and 
other remains had been converted into stone by a Suems, hpi* 
deus. Nearly ten years later, the anatomist Fallopio, in Padua, 
even went so far as to call the fossil teeth of elephants from 
Puglia earthy concretions, and fossil* shells from Volterrano 
the results of fermentation and exhalations from the earth, 
while he explained the pots of Monte Testaccio in Rome as 
natural impressions in the earth ! Olivi of Cremonl, in 1584, 
writes of the fossil conchylia of the famous Calceoiarian col- 
lection in Verona as mere sports of nature. Michele Mercati 
prepared good illustrations of fossil bivalves, ammoniteS|^ 
and nummulites in the museum "Of Pope Sixtus V,, and these 
were published between 1717 and 1719 in the Ileiaii^ikem 
Vaficana, by Lancisi, the physician of Pope Clement XL 
Mercati names the fossils according t# Pliny, and mftcr long 
discussion comes to the conclusion that they took origin under 
the influence of the stars. 

is astonishing to find, how tenaciously, until the middle of 
the eighteenth century, so many authors clung to sudi absurd 
ideas, even although the fossils were being made known b? 
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means of good illustrations to an ever-increasing nimib%r of 
observers. The of- Aldrovandi, Athanasius Kircher the 

Jesuit, Sebastian Eirchmaier, Alberti, Balbini, Gf^yer, Hartley, 
and many others in the seven'tcenth century contain some very 
®good iiprcs, and* extended the knowledge of the fossils 
iound in various European localities. The fossils were, 
however, treated usually as mineral curiosities, or as illusions 
of nature, sometimes as forojs called forth in the earth by 
ff/s pkufica or somc^ther force, sometimes compare|J with 
living snail^ sea-urchins, plants, etc., and named 

ac!R:ordiiigly. 

Proba!)ly' the greatest representatives of this literature are 
tire Englishmen Listei* and Lhuyd (Luidius) and the Jfwiss 
Nikolaus La^g. IMartin Lister^ had an c.xcellcnt knowledge 
of living conchylia. He had also observ<^ that certain rocks 
arc present over a definite extent of surface, so thcCl maps might 
be constructed with respect to the distribution of different 
kind# of rock, and further, that the fossil bivalves and snails 
differed in the different kinds of rock. He therefore laid 
down the important principle that the different rocks might 
be distinguished accordiifg to their particular fossil (foments, 
alth'Qugh, strange to say, he thought the rocks ibemselves had 
the power to produce the different forms of fossils., ^Lister 
warmly combated the idea that the fossils could have proceeded 
from animals (/WAJi*. Tnxns. Roy, Soc. London^ 1671). Never- 
theless, he illustrated living and fossil conchylia side by side 
with one another, in ord«r to demonstrate their resemblance, 
at the same time writing in the text, that the fossil conchylia 
were merc^ rough imftations of the real forms — imitations 
produced in the rocks by some unknown causes. 

The English antiquary, Edward Lhuyd (Luidius), described 
a thousand species of British fossils in a long and beautifully 
iyiistrated work. Llmyd^s theory of “ Aura seminal is strongly 
recalls the fanciful doctrines offinaximander and Theophrastus. 
In a letter, fossilium et foliorum mineralium origine,” to the 
famous zc^logist John Ray, Limyd sets forth how the fossils* 
have deveroped from i#oist seed-bearing vapours which* have 
risen from the seas and entered into the strata of the earth. 

^ lister was born at RacIcUff in 1:638, studied in Cambridge, and 
highly respected in York and London as jT medical man. In 1698 he 
accompanied the English ambassador, Lord Portiand, to Paris, in 1709 
became house physician to Queen Anne, and died 1711. 
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Lhuyd found an enthusiastic sup[>orter in the Lucerne 
physician and councillor, Karl Nikokius Lang, whose Il/s/t)ria 
lapidtm figii-^^atoriim Uelveiuc (Yehice, i*^o8) contains 163 
plates, with a number of good figuies of fossils- Lang is one 
of the last authors who believed in the direct origin of the- 
fossils in the rocks. 

A semi-tragic, semi-comic event brought this literature to a 
close. Johannes Bartholomew Bcringer, piofcssor in the 
University of Wurzburg, published in 1726 a pakeontojogical 
work Entitled Lithogm/hia WurccImrgcAis. In it a number 
of true fossils were illustrated, belonging to the l\1ii^‘helkalk^or 
Middle Trias of North Bavaria, and beside these %vere hiore or 
lessoremarkable forms, even sun, moi;^n, stars, and Ilehrair 
letters, said to be fossils, and desenbed and illusWated as such 
by the professor. As a matter of fact, his sUidcnts, who no 
longer beiiewad in the Greek myth of self-gcmeration in the 
locks, had placed artificially-concocted forms in Iht* earth, auil 
dining excursions had inveigled the credulous profess^ir to 
those particular spots and discovered them ! But wlien at 
last BeringeBs own name was found apparently in fosfi! form 
in the 1^‘ocks, the mysteiy was revealed to tlie unfortunate 
professor. He tried to buy up and destroy his published 
work; but in 1767 anew edition of the work was pub^shed, 
and the book is preserved as a scientific curiosity. IMany 
of the false fossils (Liigensteine) may lie seen in the 
mineral collections at Bamberg, and there are also speci- 
mens in the university collections of Wiirzburg, Kfimich, 
and other places. * 

^ Contemporaneously with these miitaken efforts in the 
sixteenth, seventeenth, and early part of the® eighteenth 
century, ^ truer appreciation of fossils was gaining ground. 

In the year 1580, the famous French worker in enamel, 
Bernard Palissy, published a book in which he discussed the 
origin of petrified wood, the occurrence of fossil fishes fti 
Mansfield slate, and fossil molluscs in various rocks. 
i^Palissy rightly pointed out that many of the fossil conchylia 
were identical with living species, aygl said they Hmst have 
developed in localities which had previously been under fresh 
or sea-water. Falissy’s ideas were violently attacked by his 
"TlTJnipatnots, and he denounced as a heretic in his 
philosophical and scientific writings, just as he wm a 
Huguenot and a heretic in his religion.. 
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Fabio Colonna ^ upheld similar views in Italy. He tried to 
show that the “ Glossopetren ” were not tongues of serpents but 
the teeth of do|^sh, w^iich occurred along with remains 
of marine biv*ilvcs and snails in certain strata; while in 
others he recognised the remains of terrestrial animals and 
plants.' 

During the seventeenth century Nikolaus Steno and other 
Continental geologists contested the erroneous and ludicrous 
ideas ^of their contemporaries ; while in England, Robert 
Hooke, John Ray, %id John Woodward guided scientific 
thought toHlie true explanation of fossil remains. Leibnitz, 
the founder of the Academy of Science in Berlin, and 
Scheuchzer, the Swiss g^^ologist, further advanced the scieiitiric 
research of fi^jssils, so that, by -the middle of the eighteenth 
century, no man of science and letters }|elicved that fossils 
niiglil be products of the earth itself. % 

I'he lilnglish physicist and mathematician, Robert Hooke 
(163^-1703), was one of the most brilliant original thinkers 
of his own or any age. It was he who for the first time 
suggested the use that might be made of fossils, in 
revealing the historical past of the earth. In an injpQrtant 
work\ipon earth(]uakes written in 1688,- he stated that fossil 
molluscs deserved to be regarded as historical, since they 
represented monuments no less valuable than coins and 
manuscripts, but he added that it certainly would be ex- 
tremely difficult to construct a chronology of the earth upon 
the evidence of fossils. .Many fossil Ammonites, Nautilids, 
and other cdnchylia undoubtedly differed from known living 
forms, but he said it fead to be remembered how scanty was 
the existing knowledge of marine animals, especially of those 
which inhabited the greater ocean depths. Hooke, however, 
inclined to the opinion that the fossils of unknown forms 
miglit really be extinct species, annihilated by earthquakes. 
Ife regarded it as certain that^a number of fossil species had 
been confined to definite localities. And from the occurrence 
of fossil Chelonias and large Ammonites in the strata of« 
Portland Hooke ctncluded that the climate of England 
had once been much warmer. This was explicable, in 
Hookers opinion, upon the assumption either that the earth's 

^ Ossifvazi&m animaii aqmtid £ iermsiri, 1616. 

® This treatise is published in the Opera pasehnma Robert Hooke^ cd. 
Rich, Waller, London, 1705. 
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axis of rotation or the earth’s centre of gravity had undergone 
changes of position. «. / 

Hooke further gave some valuable hints u!)Out the alteration 
of organic remains by the process of petrefactidn, and cited as 
examples the petrified stems of trees in* Africa andjn thC 
kingdom of Ava. His explanation of the clevatc'd position in 
which fossil marine organisms arc now found was based upon 
his theory of earthquakes. Kprthqiiakesf he thought, trans- 
formed plains into mountains, and continents into# ocean 
basins. He attributed earthquakes ami volcank' cn'uptions to 
the agency of subterranean fire. , * 

Scarcely had the organic origin and historical significance of 
fossils been successfully vindicated, «than the doctrinal in- 
fluences of the day stepped in and claimed all fossil forms as 
vestiges from the <^irlier creation interred in the i-arth during 
the great Deluge. The Dikivialists” forrnetl a powtaful parly 
amongst the geologists of the seventeenth aiul cightecntli 
centuries, and were warmly supported by the (Ihurcif. In 
England, Woodward, Burnet, and Whiston had^ strong 
convictions in this direction; while in (kamany, Wedei 
and *Bfier, and in Switzerland Johann Scheuch/er, taught 
that all fossils had been spread through Europe during t!',e 
Flood. • 

Scheuchzer had in his first work 
Helvetica CHHos(e, 1702) regarded fossils as sports of nature, 
but under the influence of Woodward’s work, which he 
translated into Latin, he became aa enthusiastic believer in 
the theory of a diluvial distribution of fossils. His natural 
history of Switzerland contains a special chapter, winch 
professes to deal with the fossil remains left by tne Flood In 
Switzerland. Towards the close of his life, Scheuchzer 
thought he had discovered in the beds of Oeningen “the bony 
skeleton of one of these infamous men whose sins broug|it 
upon the world the dire misfoifune of the deluge.” But the 
supposed homo dilmii from Oeningen was afterwards determined 
^by Cuvier to have been a gigantic Salamander, an^was called 
Andrias Scheuohzeri in honour of it#Swiss discowrer. The 
original specimen of Scheuchzer’s Andrias is now in the 
Teyler Museum at Haarlem. 

The strong personalia of Scheuchzer and his success as a 
teacher won for him during his life-time a large circle of 
scientific supporters, and contributed not a little to a more 
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general interest in fossils. Numerous books and treatises 
began to appear, sometimes describing the fossils in particular 
localities, sonietim|S of a more dilettante charact^. 

In Svvitzerlatid, Johann Gesner’s work continued the lines of 
'research initiated hj* Scheuchzer. Dourguet in Neuchatcl, and 
afterwards Burtin in Belgium, published handsome plates of 
fossil illustrations, but the descriptions in the text are not of 
much value. Johann Baier, the Altdorf Professor, published 
in 171^ his Jforica, one of the best works of 

the lime, and in 175^ supplement of fifteen folio plaEis was 
adfled iindA: trie direction of his son Ferdinand. 

France, until the middle of the eighteenth century, had 
a remarkably poor pj^keontological literature. Antoine dc 
Jussieu in >718 describctl the Carboniferous plants of St. 
Lliamont, near St. Etienne, and said they been lirought by 
the flood from India and the New World to Ii^rope. In a 
second treatise, Jussieu described fossil Ammonites; he 
certainly compared these with A^'aidiliiis Fomptiius of the 
Indian Seas, but he explained them as having been brought 
from tfie Oasis of Ammon to France by inundations of the 
sea. Bertrand's Dkiiojiary of Fossils and othej piinor 
works testify that France was not devoid of interest in fossils, 
although activity in this field of research was much more 
prolific in the neighbouring countries. 

In France, during the eighteenth century, only the writings 
of Guettard can be placed in the same rank with the 
monographs of particulax fossil groups prepared by Rosinus, 
Wagner, Erhart, Breyn, and Klein. 

The outstanding woii-k of this period is undoubtedly that of 
Knorr an<f Walch in four volumes, Fie Sammhmg van 
Mferkwurdigkiikn der Waiur und Alterihumcr des MrMmdens. 
The first volume was written by the Niirnberg collector and 
artist, George Wolfgang Knorr (born 1705, died 1761), and 
tfie other three volumes wc^e prepared after the death of 
Knorr !)y Professor WalclP of Jena. 

The first volume bears on its title-page an illustration of th^ 
famous Solfeflhofen quamies, and contains figures of fossil crabs, 
fishes, crinoids, together with dendrites, and ‘‘ruin marble^' 

^ JoMnn Ernst Immanuel Wnich (1725-7S) was a son of XI — 

Walch, Professor of Philosoi>hy and Poelt^' in p-na In 1759 Walch 
succeeded fiis father as Proftxssor, but his chief delight was in Mineralogy 
and Paleontology, and he made a famous collection. 
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found in the calcareous slates and flagstones of Solcnhofen, 
The first half of the second volume contyns illustrations c^f 
molluscs, brachiopods, and echinids, and ^le descriptive ttixt 
by Walch embraces practically all that was known in the 
previous literature about these fossils ; in {he second half llnf 
same treatment is given to so-called ^^corallioliths (sponges 
and corals), to encrinites (crinoids), to osleoliths (fossil 
bones), to belemnites, dcntalites^ vcrmiculiles, and balanoicis. 

The third volume begins with a dissertation a!)OU% fossil 
wood, ^followed by the description of 4 num!>t«r^of Carbon* 
iferous plants. The chapter on the fossil Crustaceans which 
received the name of Trilobites from Walch, ranks far 
abofa all previous descriptions of tkese interesting fossils. 
The remainder of this volume is devoted to tliti descTipticai 
of supplementary fdates. I'he fourth volume contains a 
systematic scimmary of all fossil forms treated in tint 
foregoing volumes. The masterly text of Walch sets forth 
his own original observations, and displays a knoW.edge 
of the older literature unsurpassed for its completeness and 
accuracy. 

Wilh^he exception of Knorr and' Walch s important >vork, 
pal^ontographical literature up to the middle of the eighteenth 
century stands on a low scientific level This seems the^more 
remarkable when one compares the formal descriptions of 
fossils, and speculations about their origin and their scrip- 
tural significance, with the w^ell-directed efforts of botanists 
during the same period Botanists iiad already brought the 
systematic arrangement of plants to such a point that only 
^ the nomenclature of Linnaeus was reqifired to make it serve 
as a secure basis for the further progress of researat But so 
far, in the kindred study of the history and classification of 
pimals, no fundamental principles had been attained. It 
is true some of the more advanced "WTiters, such as Hooky, 
had said that certain fossil speffies might possibly be extinct 
forms. Yet, when from time to time ammonites, triloliltes, 
t:rinoids, and other fossils were found which had m known 
existing counterparts, the authorised tftatment wasfo take for 
granted there might be living representatives existing at depths 
or i n regions of the ocean hitherto unexplored 
*^™Lnterest centred in the chimeric hope of finding living 
specimens of these mysterious fossils, and no observer had yet 
conceived the far bolder, grander dream of defining successive 
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periotk of the farlh’s history by ineans of an ordered array of 
extinct fossil fornii| 

j/v/>t^//ies{'s ike Eariit's Or^fn and IJisierj^ and 
jH\i;inninxs af iieafo^^i.ai l‘he keen interest in 

iniiierals ant! fossils and the iloiirishing condition of the 
mining industry gradually attracted the attention of scientific 
men to the investigation of the i;arlh itself. Two methods 
of rciiiarcii, the emnirical and the speculative, developed 
alongside onii, another I'hc one had for its inimedisfle aim 
tlic dctemnnalion of facts, and in its further outlook, the 
possible construction of some suitable theory; the other 
contciUed itself widi ai^nininuim of observation, accepteci the 
risks of vrmt, and set about explaining the past and the 
presemt from t!u: subjective standpeiint. ^'rhis latter method 
naturally atlaiiictl no higher results than ij^ geogenetic 
fantasies of classical antic |uity. And it cciiainly could never 
have* gathered sufficient energy to roll aside the mass of 
philos<^)hical and doctrinal tradition that blocked the path of 
progress. 

liiroughoiit the later and Middle Ages, water an4i rij;e still 
continued to be arrcpteii as the two essential active and 
formutivc fun:es dominating the eartids configuration, hence 
it was unavoida!)le that the (:oncet)tions of the ancient philo- 
sopliers should re-appear again and again in the newer theories, 
if in renovated form. ^Meantime there were in every land of 
Europe empiricists who^were patiently contributing new data 
to the knowledge of chemistry, of physics, and the constitu- 
tion of the earth’s ctust, and were thus preparing the only 
possible fofmdalion of a science of geology. 

Leonardo da Vinci deserves an honoured place amongst the 
founders of geology, as one of the first who investigated the 
earth’s structure upo!i scientific principles. Not only ^did 
f)a Vinci recognise the truewrigin of fossils, but his artistic 
sense of form and his close observation of nature revealed to 
him in the North Italiaii valleys the agency of running wates 
in sculptiliilg the earllite surface. 1 le showed how rivers erode 
their valleys, and deposit pebbles on valley terraces; how a 
fine detritus accumulates at river mouths, and plants and 
animals arc buried in it ; how the c^rganic remains then 
through physi<'al changes and become f>etriried while the 
river mud hardci s into solid rock, and finally the rock 
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containing the imbedded fossils rises above sea kfvcl and 
becomes dry land. 

Agricola, the mineralogist, also made afnnmber of iiseftii 
observations about springs, earthquakes, IctivQ and extinct 
^ volcanoes, volcanic rocks, the action of r;jniiing water, and^ 
atmospheric movements. 

Giordano Bruno, who was burnt at Rome in i6oo for heresy, 
was a natural philosopher of considerable Jnsight. A reprint 
of his ideas appeared ejuite recently {Boll. IS&c. Naiur, 

1895).*^ Bruno described the earth as ^4 spherical boefy, on 
whose surface the depths of the oceans were grc&Kif than the 
height of the mountains; the mountains were no higher in 
proportion to the sue of the earth than the wrinkles on the 
skin of a dried apple. Bruno also denfed that th^cre had t‘vef 
been a universal l^Iuge, but brought forward evidences of 
frequent alteration m the distribution of land and sixc lie 
also directed attention to the posiucai of volcanoes in the 
immediate proximity of the sea, and from that he ar|jiied 
that thermal and volcanic phenomena might be due to M)me 
interaction between surface waters and the interior of tisc 
earth. Bruno’s ideas were not understood by his contempor- 
aries alia were neglected. 

No writer was more appreciated in his time than^ the 
accomplished Jesuit, Athanasius Kircher.^ His famous work, 
Mimdus sith/crraneus^ begins with the consideratio!i of the 
centre of gravity of the earth, and the form aiul constitution 
of sun, moon, and earth. Book III. is devoted to hydro- 
graphy, another book treats of the earth's interior, 

yolcanoes, and winds. Kirchers idea j.$ that there are in* 

• numerable subterranean centres of confiagratioii 
which are connected with active volcanoes; similarly that 
there are special water cavities in the carili {kyay^p/ijidmi% 
which are fed from the sea and are connected by branches 

^ Athanasius Kircher was born 2nd flay 1602, at Geisa, near Ki«5enadi, 
and died 1680, in Rome ; was educated in the Jesuit College of Fulda, anti 
t%ok orders in 1618 at P.aderborn. He was an accomplished linguist, and 
travelled through Sicily, Malta, and the LitBri Islands, Etna, 

Stromboli, and Vesuvius. He was made a FroTesHir in Wurzburg in 1630, 
but on the approach of the Swedes in 1633, flight to Avignon, ami 
after wards accepte<l the post of teacher of Mathemaiics in the Collegium 
in Rome. There Ije founded a valuable natural history collec- 
lion, which was afterwards described by Bunanni in 1709 under the name 
of Museum Kirchcrianum, and is still kept up in Rmnc. 
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ill rill diivrlions with tlu- at which they appear 

an ihiTirui! spiiiiji^. Kirclaa fnllrnws Ari^^utk^s view of the 
oriuin of ati^i Hooks VL, VI L, and 

VilL treat c4 jda" vatihk e.njjpasitkm, Iml offer no dc.scrip^ 
4ion of the diflVofn ruek.'r mu h one* might expect; they 
(leserihe in diiiVice* 4)le the that orrur m the earth, and 
the rfimslitetioii^ and ii-es of stml, elay, cullivaled soil, etc. 
Hh* amsoliflilioti^ uf Ios^m mat'nia! into rock is ascribed 
to' a jivtrifying Jorec (r'A hf/mvV/oi) inherent in the earth, 
while a hnm giving 

is said to |t!*oduro all kint!.’- of >!iapes and figures, for’example, 
cryslais, pretioiiw Nmlaeiurs, and fos.sils. 

Hook X. is d'"Viged j^o mite - and mimaals. Kircher relates 
that ihioneU lea’ ir.edonm uf Jesuit prit*4s, he put several 
questions to the nmar^ Xeusuhl in^lfungary. Some of 
these refiU'iiMl |u tlo* rnmlitions of tempeiature the mines-— 
whether the heat mu'ea>ed as greater depllis were reached 
heloy tiie suilaer. and if tln're were any signs of subterranean 
fire, dlie answer I'lom Selammit/ was iliat in a well-ventilated 
mine Tlic luvit was seatuly latreptilfe, but that with poor 
vcniilaiion the mines were always warm. Johann ^Sehapel- 
maiu\ an ofikial uf t‘ne in Hernigrund, reported as 

follows: “In dry miiu s the tempeiature steadily increases 
in propoilion to ftie deptli below the surface; where water 
lies, the heal h less ; it i> greatest in the parts of the mines 
where marca>itc treiir.sd’ Tim is the first oi?servation of the 
steady increase of temperature with added depth. 

In spite of m many weaknesses and inaccuracies, Kircheds 
MiMFidiiS MiiKkmintusm'iml always command a high place in 
the litcratilftv as ilie efft.^rl to describe the earth from a 
physical staiiil|K'iiiit It was followed in 1672 by the publi- 
cation of the Cfotg/n/ZoW g<7i'mr//V of Varenius, a work far 
emx*ediiig lhal of I\ir<*her in rriiical insight and methodical 
ttelnient It valued am the fundamental work in the 
domain of geopliysicH. 

Nikolaus Sleno^ was one of the most enlightened geologists o| 

1 ** • 

^ Uisn idjK at Hludifcl ioe<Hrim; and 

aiialtiiay a! and navciled m Holland, France, and 

HcrniAtiy, and lu TadtiU, Ik* ndled t<» Florence to behouKc- 

pliyMiitii ht die ikaiid Hnktr Ferdumiul ILf and was afterwards the tuior ^ 
of llie id Mein* then accrplcd an invitation sent by Chnstiaii 

V, of Dt'tiinaili, m rcUtrn lo C‘»|»erihagen as Hrofesaor of Anatomy; l>«t 
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the seventeenth century. Steno begins his work on the earth s 
crust by comparing fossil teeth found in tht^ deposits of Tus- 
cany with the teeth of living sharks, liq then investigah^s 
the origin of fossiliferous deposits and comparts them milli 
unfossiliferous rocks. The latter, he says, \\’ere formed before 
life existed on the earth, at a time when tim* eaUh was 
enveloped in a universal ocean. Homogeneous and fine- 
grained rocks represent, according to Sl»eno, the primitive 
earth-deposits which segregated universally from tire undbicled 
ocean. ^ If, on the other hand, a rock-stmtum be# com posed of 
particles varying in character and size, or if it coinprise huge 
fragments derived from other rocks or fossil remains, such a 
layer«represents a partial deposit of lateir origin. 

Steno argued from the traces of salt and the^prcsenc'e of 
marine animals, and^ven ship llotsam in certain deposits, that 
these had beefi formed on the sea-floor, wherems the pri’sen<‘e 
of a terrestrial fauna and of rushes, grasses, and the stems c^f 
trees in other deposits, indicate that those had accumulat«fd in 
fresh-water basins. Steno was the first to enunciate c|tTjnite 
natural laws governing the formation of a stratigraphical sue- 
cessio® €11 the earth’s crust; these may be condensed as 
follows : — (i) a definite layer of deposit can only form upon a 
solid basis; (2) the lower stratum must therefore have •con- 
solidated before a fresh deposit is precipitated upon it; (3) 
any one stratum must either cover the whole earth, or be 
limited laterally by other solid deposits ; (4) during the period 
of accumulation of a deposit there ia above it only the water 
from which it is precipitated, therefore the lower layers in a 
series of strata must be older than the uiljier. 

But Steno also realised that a series of strata originally 
horizontal might become relatively displaced by subsequent 
earth-movements. He cited examples of /aca/ mist-intkrm^^ 

Steno had become a Roman Catholic, ^nd his stay in his native city waa 
embittered by the enmity caused on account of his religion. He returned 
to Florence, and was made Apostolic Vicar of Lower Saxony, <lying ia 
Schwerin on the 25th November 1687. By command of the (ham! 
Duke Cosmo III. his body was brought to Elorence and«b||ried in the 
Cathedral of St. I^renzo. 

Steno’s work, De salido inim SGluhwt naturaiiio* c$ntenf&^ was firist 
^pub lished in Florence (1669), and was intended merely as the prodrome of 
'■rttrger work, but no latei wod< appealed. A second edition was printed 
at Leyden in 1679, but the original text of Steuo’s little work is now a 
bibHographical rarity j its contents are known chieily tbnmgh the medium 
of Elie de Beaumont’s French translation published in iSjx 
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showing how individual strata might remain hori/ontalj wliile 
others might liellked or even be thrown into a (|uite perpen- 
dicular position, |)thL‘rs again might be bent into the form of 
arrhes. Ill# occurrence of crust-inthrows, together with the 
effircts of surface "tlcnudation, might give shape to mounlaiiis 
and valleys, plateaux, and lowlying plains. Mountains, Ite 
said, might also originate from upward action of the volcanic 
forces in the crust;^ In cases of active volcanic eruption, ashy 
and /ragmental rock materiais were ejected, intermixed with 
sulphurous ^pours liid mineral pitch. ^ 

Tims ftcnols work already contained the kernel of much 
that has been under constant discussion during the two cent- 
lurics wliich have passed since his death j and if one^reads 
the most rcx'cnt text-books of geology, it will be evident that 
science has not yet securely ascertaineck the share that is to 
be assigned to subsidence, to u[)heaval, to erosion, and to 
volcanic action in the history of the eartii^s surface conforrna- 
tioi* in different regions. 

Descartes (1596-1650), in hm J^nncipla Phiiosophue^ founded 
a cosmology upon his famous piinciple of the constancy of the 
amount of motion or ‘‘momentum’* in the univofsa The 
earth, he states, like all other bodies of the universe, is com- 
posl^d of primitive particles of matter in which a ^whirling 
motion is inherent, and they have aggregated tliemselves into 
the form of a sphere. During the gradual cooling of the earth 
the outer layers consolidated as a firm crust, while the nucleus 
still continued incandescent. The coarser and heavier primi- 
tive particles of the earth, as they rotated, c,^ilected round the 
centre, while the fmer and lighter particles gathered in the 
outer regfons and formed the crust, composed of metallic, 
saline, and aqueous parts. Crust-rupture has from time to 
time given origin to continents, seas, mountains, and valleys; 
according to Descartes, volcanic phenomena and fissure in- 
jections are results of the •high temperature of the earth’s 
interior. 

G. F. ( 1 646- 1 7 1: 6), the mathematician and physici#!, 

accepts his Pwiti^m the Cartesian view, that primitive 
matter had a fluid consistency owing to the tremendous initial 
heat, and that the earth’s spherical form was derived from the 
aggregation of whirling ultimate dements or “ monads ” of 
matter. In place of the Cartesian principle of momentum, 
Leibnite starts from a dynamical basis, and assumes a force 



28 kiSTORY OF GEOLOGY AND PAL.F.ONTOLOC'AY 

which accomplished the separation of light from darkness, or, 
as he also expressed it, the separation of the more aefirr 
elements of the universe from the more /assize, A further dif- 
ferentiation of the inactive elements, according to Iheir slahility 
■ and degree of resistance, determined the dry land and tlie 
oceans. The escape of heated material from the interior cjf 
the earth produced slaggy spots on the earth’s surface, and as 
these increased a glassy crust was formed.^ Tims the eaiih 
was gradually converted from the' condition of a radiant sun 
to a dafk planet The cosmical theorie^of Leibnitz suffered 
in the original from a want of clearness in the dictioit, and arc 
strained on account of the author s conscientious effort to pre- 
sent aphistorical account of the earth’s surface that shoiikl be 
in harmony with the Mosaic genesis. 

That part of the J^oiogica which deals with mineralogy is 
much more pi^jiclical His official position at tluj C'ourt of 
Hanover enabled Leibnitz to become act|uainted with the 
mines and the natural products of the Harz mountains, an4he 
gave an account of the mode of occurrence of the metals and 
minerals. He also supplied a detailed description, witlfi I lus- 
tration^ a number of fossils occurring in Hanover and 
Brunswick in the copper schists. 

If Leibnitz was careful to make his theory of the earth gin- 
form with the Mosaic account of Creation, this feeling was far 
more strongly expressed in England. 

Dr. Thomas Burnet, in his Sacred Theory of the Earthy pub- 
lished i68i, thinks that in the beginning our earth was a 
chaotic mixture of earth, water, oil, and air, which gradually 
^consolidated into a spherical form. Tim various rock-ingre- 
^dients separated out from the primitive chaos according to 
their weight, the heaviest material accumulating round the 
earth’s centre; this in its turn was surrounded by water, on 
whose surface the oily material floated, and the atmosphere 
enveloped the whole. Gradually, «the finer particles that had 
been held in suspension in the atmosphere settled upon the 
oil and formed a fatty superficial layer that afforded nourish- 
ment for the first plants, animals, and hifman beingf. 

The earth was oval, and its axis stood upright, in the same 
plane as the earth’s path, hence there were no aliernaling 
seasons, no mountains, np seas, no rivers, no storms, ft 
rained only at the poles, but the water filtered at once into tlie 
earth’s interior. This state of earthly paradise lasted 1600 
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years, until the moist and feitile superficial layer was dried by 
the heat of the and began to rend and crack. I'hc waters 
below laTame li|atcd, vapours rose, and bursting through the 
ftaiile Lively into contact with the atmosphere/ The 

iufermingling ofrdr and vapour produced fearful storms of^ 
Ihimdcr and lightning and torrential rains. 

llie snpiTficiai layer Ijroke in many places, and portions of 
it sank into the qi^rtlfs abysses. As they fell, some parts were 
cradled, and tumbled in dfsorder above one another, so that 
they fornit\l moiin^ins, valleys, and islands. This^was the 
pericid of tlie great Deluge, during which plants and living 
<Ti*atiires were almost all clestroycd. As the floods retreatetl 
the present state of cgir earth was initiated, but it also wll one 
day pass away in a universal conflagration. Then will succeed 
a second Chaos from which the Ck>ldeni!r\ge will spring. 

Ilurnet^s circumstantial sketch, which in n# way militated 
against P»i!)lical evidences, excited considerable attention, and 
for him worldly preh'rment. But in a later work in 1692, 
Burnet treated the Mosaic account of the Fall of Man as an 
allegory, and for this heresy he was dismissed from his appoint- 
ments at Court. » • 

John Woodward,^ the collector and paleontologist, was the 
mci>t famous English representative of the religious school of 
geologi.sts. Ills Ifdfura/ of the Earth and Terrestrial 
Todies^ etc. (London, 1695), was translated into Latin by 
Johann Scheuchzcr, and had a wide circulation. In this 
work, Woodward described his collection of fossils, minerals, 
metals, and rock specimens. He strongly opposed the opinion 
that fossils could bewnere imitative sports of nature, and said^ 
they repfesented past faunas and floras. But he supposed 
these remains to have been carried to their present position in 
the earth by a universal flood, the deluge of the Scriptures. 

Before the Flood, the earth's surface conformation had been 
similar to that which we ^low know, and the ante»diluvial 
forms of life on the globe had not differed materially from 
post-diluvial forms. ILe earth's interior had been filled wifth 
*§ • m 

* Jolia Woodward, horn 1665, in Derby-shire, studied medicine under a 
praeika! physician in Gloucester, was appointed Professor at (besham 
College in London in 1692, died 1722. He bequeathed his valuable 
collection and library to the University of Cambridge. One of the most 
violent opponents of Woodward’s views was Elias Camerarius, Piofessor at 
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water, which suddenly burst through the earths crust, and rose 
above the highest mountains. The earth’s crust was entirely 
disintegrated by this catastrophe, but living ^^:rcatures5 plants, 
and metals remained intact As the Flood subsided the dis- 
^integrated material sank, and the stratigraphical succession 
formed with the heaviest rocks in the lower strata and the 
lighter deposits in the upper horizons. 

Similarly the heavy metals, the minerals, concretions, 
marbles, and heaviest fossils wcfe imbedded in the lo^vest 
strata; the chalk strata were buried tihe lighter conchylia 
and echinoderms ; while the upper scries of sandy, clayey, and 
marly strata contained the bones of men, four-footed aninials, 
fishes, i,the shells of terrestrial and fresl^-watcr conchylia anil 
plants. 

The post-diluvial |^)och had not been distil rl}ed by any 
further catastr(j|)he ; rain had washetl away the suiierfuFil 
material from the mountains, and the rivers and slmams had 
carried the detritus into alluvial plains and sea-basins. ^ 

William Whiston,^ another English writer, indulged in still 
more remarkable fancies about the early history of our |po!H\ 
He supj)c^ed the earth had originally been a comet, which 
happened to approach the sun, and was melted into a coherent 
mass. As it travelled away from the sun, a re-arrange racnj; of 
the earth’s material began ; the heavier particles formed a solid 
nucleus, the lighter particles gathered in the superficial I’larts; 
the surface was covered by water except w’here higli mountain 
chains arid islands rose above the ocean-level The Paradise 
of the Bible was situated in the southern hemisphere, under 
the Tropic of Capricorn. In the begin»lng of creation the 
•fearth had no rotatory movement round its axis. Thft did not 
begin until after the Sin and Fall of Man in Paradise. After 
the Fall, in virtue of the rotatory movement, the interna! heat of 
the earth radiated towards the surface and encouraged a rich 
increase of plant and animal life^ but also caused a strong 
development of the human passions. The punishment came^: 

* 

1 William Whiston, born 1666, in 1695 becangs Chaplain iic Bidinp 
of Norwich, and was in 1701 recommendtid by Sir Laac NevUtm a.s hw 
successor to the Chair of Mathematics in Cambridge. The heterodoxy of 
his writings caused Whiston to be deprived of his Professorship in 1701, 
The wide intelligence and imagij^ation of his writing commandcfl, however, 
a large ciide of admirers, and his 77ie{?rjf of Marik ran ihnnigh six 
editions in a very short time. He died in 1753. 
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on the 1 8th November 2349 b.c., a great comet stood above 
the Equator, its tail came into contact for some hours with the 
earth, shook out \valerspoiits, and simultaneously the subter- 
ranean waters* escrq)ed and inundated the earth's surface. The 
Flood destroyed pkints, animals, and human beings. 

The famous zoohigist, John Ray, in his 7 yiree JVijsfco- 
tketx'oi^ka/ Discourses (London, 1693), took much the same 
standpoint as Woodward. Ide accentuated, however, the great 
importance of running water’as an agent of surface erosion, 
and explained the continental flats and deserts as a result 
of the occasional escape of subterranean waters and the occur- 
rence of gigantic floods. 

Johann Jacob St'he^chzer, the Zurich professor, turned his 
attention to geological, gcograplucal, zoological, and botanical 
pursuits during his fre(|uent travels, and w^- an ardent fossil and 
mineral collector. A few geological sections wj^ich he made 
in the neighbourhood of Lake Lucerne were the first attempts 
in literature to reproduce bent strata and other features of 
mountain structure by means of accuiate sectional drawing. 
But hfl? W'orks afforded as little insight into the mineralogical 
composition and stratigraphy of the rocks, and the di^ril>ution 
of fossils, as those of his predecessors and contemporaries. 

It^^ly, at the beginning of the eighteenth century, possessed 
two geologists, Antonio Vallisnieri and Lazzaro Aforo, who 
sought to counteract the tendency of their time towards the 
theoretical construction of an earth history. Vallisnieri (1661- 
1730), who held the post of Professor of Medicine at Padua, 
was an enthusiastic fossil-collector, and entered strong pro- 
test against the idea^that the Flood was accountable for the 
annihiiaticfi of all pre-existing organisms. His writings point 
out that marine deposits are widely distributed in Italy at both 
sides of the Apennines, and are also present in Switzerland, 
Germany, England, Idolland, and other lands, and Vallisnieri 
therefore argues that those <leposits prove incontestably the 
former presence of the sea over these localities. He favours 
Strabo's doctrine, and explains how different areas of thft 
earth’s sii^tce may frequently undergone relative changes 
of level, how portions which are now dry land may formerly 
have been under sea-water. He further explains the presence 
of marine fossils in these deposits, on the natural assumption 
that the inhabitants of the sea as they died fell to the bottom, 
and were there incorporated in the deposits. Vallisnieri 
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water, which suddenly burst through the earth’s crust, and rose 
above the highest mountains. The earth’s crust was entirely 
disintegrated by this catastrophe, but living Creatures, plants, 
and metals remained intact As the Flood subsided the dis- 
-^integrated material sank, and the stratigraphical succession 
formed with the heaviest rocks in the lower strata and tlic 
lighter deposits in the upper horizons. 

Similarly the heavy metals, the minerals, concretions, 
marbles, and heaviest fossils wefe imbedded in the lo^vest 
strata ^ m the chalk strata were buried lighter conchylia 
and echinoderms; while the upper series of sandy, ctoyey, and 
marly strata contained the bones of men, four-footed animals, 
’fishes,^ the shells of terrestrial and fresl^- water concliylia and 
plants. 

The post-diluvial §poch had not been disturbed I)y nnv 
further catastrgphe; rain had washed away the .sy|Huiirial 
material from the mountains, and the rivers and streams had 
carried the detritus into alluvial plains and sea“!)asins. ^ 

William Whiston,^ another English writer, indulged in still 
more remarkable fancies about the early history of our 
He supj;3cjged the earth had originally been a comet, which 
happened to approach the sun, and was melted into a coherent 
mass. As it travelled away from the sun, a re-arrange me nj; of 
the earth’s material began ; the heavier particles formcjd a solid 
nucleus, the lighter particles gathered in the superficial parts : 
the surface was covered by water except where high mountain 
chains and islands rose above the ocean-level Tlie Paradise 
of the Bible was situated in the southern hemispliere, under 
the Tropic of Capricorn. In the beginning of creation the 
*earth had no rotatory movement round its axis. Thft did not 
begin until after the Sin and Fall of Man in Paradise. After 
the Fall, in virtue of the rotatory movement, the interna! heat of 
the earth radiated towards the surface and encouraged a rich 
increase of plant and animal lifay but also caused a strong 
development of the human passions. The punishment came : 

1 William Whiston, born 1666, m 1695 hecanis Chaplain t 5 tie Bbhop 
of Norwich, and was in 1701 recommended by Sir Isaac Ncwt»«! a.s hU 
successor to the Chair of Mathematics in Cambridge. The heterodoxy of 
his wiitings caused Whiston to be deprived of his ProfCsSsorship in 1701. 
The wide intelligence and iraagii^ation of his writing conimandcil, however, 
a large circle of admirers, and his 27 i 6 wy of ike £arih ran through ha 
editions in a very short time, lie died in 1753. 
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on the 1 8th November 2349 b . c ., a great comet stood above 
the E(|uatorj its tail came into contact for some hours with the 
earth, shook out tvaterspouis, and simultaneously the subter- 
ranean waters* esca[>cd and inundated the earth’s surface. The 
Flood destroyed pkints, animals, and human beings. 

Tile famous zoologist, John Ray, in his Three Fhysko- 
ihco:ae,ical Disamrees (!>ondon, 1693), took much the same 
standpoint as Weiodward. He accentuated, however, the great 
imppjtance of running water* as an agent of surface erosion, 
and explained the widti continental flats and deserts as a result 
of the occasional escape of subterranean waters and the occur- 
rence of gigantic floods. 

Johann Jacob Sf'he^chzer, the Ziirich professor, turned his 
attention to g(;ological, geographical, zoological, and botanical 
pursuits during his fre{|iicni travels, and w^ an ardent fossil and 
mineral collector. A few geological sections w^iieh he made 
in the neighbourhood of Lake Lucerne were the first attempts 
in literature to reproduce bent strata and other features of 
mountain structure by means of accurate sectional drawing. 
But hft works afforded as little imsight into the mineralogical 
composition and stratigraphy of the rocks, and the digrijmtion 
of fossils, as those of his predecessors and contemporaries. 

Il^ly, at the beginning of the eighteenth century, possessed 
two geologists, Antonio Valli.siiieri and Lazzaro Moro, who 
sought to counteract the tendency of their time towards the 
theoretical construction of an earth history. Vallisnieri (1661- 
1730), wlio held the post of Professor of Medicine at Padua, 
was an enthusiastic fossil-collector, and entered strong pro- 
test against the idea#that the Flood was accountable for the 
annihilatidfi of all pre-existing organisms. His writings point 
out that marine deposits are widely distributed in Italy at both 
sides of the Apennines, and are also present in Switzerland, 
(krmany, England, Holland, and other lands, and A^aliisnicri 
therefore argues that those ide|_)Osits prove incontestably the 
former presence of the sea over these localities. He favours 
Strabo^s doctrine, and explains how different areas of tht 
earth’s si^ace may haii^ fre(|uently undergone relative changes 
of level, bow portions which are now dry land may formerly 
have been under sea-watcr. He further explains the presence 
of marine fossils in these deposits, on the natural assumption 
that the inhabitants of the sea as they died fell to the bottom, 
and were there incorporated in the deposits. Vallisnieri 
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enumerates the known cases of iluctimtioiis of level, and men- 
tions changes going on at PoKKUoli. He gp't'S also a rlii.dliH 
account of the island of Alea Kaiinien tluit a||k‘ared off Santoriii 
in the year 1707. • 

The learned abbot, Antonio La/zaro ?tforo (16871740), 
warmly contested “the views of Lurnet, W’oodward, ainl Lcilo 
nitz. Moro’s own theory of the earth was based upon the 
upheaval of the new volcanic island at Si^Uorin. Tin* tuiier- 
gence of the island was maiked by earthquake and vc4cani<: 
disturlSances, wiiich went on intermitlcniy for several months. 
Moro attaches great importance to the fact that tile rorks^ as 
they began to rise from the cKgean Sea, were rovcrttl with 
oystsrs, and that these were afterwards buried by the t*j»‘cled 
volcanic material He then describes tlie origin of Monte 
Nuovo, near Naplc%; and, following Paragalios for the most 
part, he gives«a complete account of the iiruptions of Vesuvius 
from the year 79 a i>., and of the eruptions of Etna. Ills di^c- 
trine was that the fossils found in the mountains had origiKiled 
where they were found, and tliat the mountains thtunsclvcs had 
been upheaved from the sea by volcanic action. All continents 
and islands had also been upheaved in this way. The stratified 
material composing some mountains representet! the original 
volcanic ejections, which in consolidating had assuniial a 
certain stratification of a secondary character, such as is 
presented at Monte Nuovo, Vesuvius, and Ihna, 

It is unnecessary to enter into the details of tlic sequence 
of events drawn up by Moro in tlic part of his work dcvtJled 
to the earth^s history. With the exception that he follows 
Vallisnieri in discarding the Flood, tluR chain of events is 
designed in harmony with Scriptural authority; an# an official 
affidavit is given in the preface that the book contaiiis nothing 
which is inimical to the Catholic faith. .Moro was highly 
esteemed in his time, and was very successful in spreading 
his teaching. But he contributed little that was new to 
science. Even his doctrine of convulsive upheavals had 
been largely anticipated by Strabo; while his own mn* 
temporary,^ Robert Hooke, had worked along sftnflac lines, 
although his writings were unknown to IMoro. 

A striking contrast to the work of IHoro is presented' by the 
TelUamed (anagram of tt^ author) of l)e Maillet Whereas 
Moro attributed all continents, mountains, and islands to 
volcanic agency, De Maillet regards all the rocks of the earili 
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h deposits. TelUamed was wrjtten iiii 71 r and 1716 

■ 'ff of its ieterodoxv 

,J?c Maillet would i^ot allow its publication until after his death’ 
Ihe book IS •written in the form of dialogues beD eS an- 
Indian phi osopber,* Tclliunied, and a French iiSsionar? All 

h^qSaMndl^^/'r^““\‘^ mouth if 

• iep tlS ‘'^dopt them or to 

» Tho subject-matter is divided into six dialogues. The first 
dialogue .starts upon the hypothesis that in the bc-rimSfr tS 
’ i? was covered by water. As the water “dimintshed 

appemance "’S"' hll r^adc tth 

emerged from the h niountain-sysffcms 

emerged tn m the world-ocean at a tunc when the seas wore 

IitlL'’^nnfni'-iT organisms, hei«ce these rocks are 

‘*"^°®®diferous or poorly fossiliferous. m the erosion 

til P"''»’dive rocks the materTaf for 

Obtained. Sediments were 
ontwyfilly. m process of deposition in the seas and the 
younger the rocks, the more richly they became filled with 
,lbe remains of animals and plants. Telliamed also nSte*; that 
many species of fossil mollusca are apparently now extinct 

in supdS orr^^Ilh ‘^vidJnees 

■in suppoit of Idhameds hypothesis that the level of the ocean 

was formerly higher. 'I'elliamed reckons the lowerin^onS 

.^-kvelat a foot in three hundred years, or three and a quarter 

fee tin a thou.sand years. I'he third dialogue sugiSts rariS 

inf nf It accurate determination of the Ibwer- 

^a-Ievei mifht be obtained. The fourth is devomH 

living orgasms Tdlllmed 

iirmiy DeiievLd in. Ihe iifth and sixth dialogues treat of thf- 

SiiS° If vvl?® distinctly weaker than the fore- 

far omshinelotSldn®^ concluding chapters, the Tediamed 
n its wfv «mtings of the eighteenth century 

charm of style daring originality, and ite 

A few ( 3 !hcr notable works of the eighteenth century mav' 

7^1° .E"gli®hn-n Needha^ wrS 

-in,t Lo'bmt?, a central fire in the earth 

He^ thoSht the L mountains and volcanoes: 

ne tliotight the concentric arrangement of the strata noon 

ipountains indicateti that these strata, and the fossils contained 

3 
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in them, represented marine deposits that hm! Iieen piislied 
upward by the expansive foiTt‘ workini^ reiilriaiplly lhrtrai:’i 
the earth. Needham explained the a.!T piiiiii 

tive periods of protracted lenj^lh. ^ * 

Justi, in his Gesckichfc ties JT/vi/hrA/w llUilin, 177^^) 
regarded all planets and comets as toia fragments uf tlir sum 
The Earth was originally a mixtun' soft earth and water* 
mixed with oily and mercurial subhlanetfs. Ibt* spherical 
form was developed as a result of rotation round an axis. * The 
water taken from the sun distriluited itself ovi*r the globe, 
and the latter became enveloped by a vaporous mmsphvn\ 
Life began to inhabit the water, and minerals and the varioiis 
kind? of rock were formed !>y new comlfinations of the original 
ingredients. The whole work is a compilation fancies Ining 
on a few slender pe^ of fact. 

Other Gcflnan writcis, (Heichen-Kosswurng iVofessor 
Johann Gottlob Kruger, and Johann Silbersehlag, allowed tlieir 
imagination to carry them into still more glaring ahsurdftio.s. 
But it is worth mentioning that Rosswunn, in skctchwig tl^e 
development of life on the globe, begins with the existence of 
infusoria^in the sea. The skeletons of these are said to have- 
formed an “ elementary earth on the sca-bnsiig from wliH'h 
sprang larger and rougher forms of animals, until at 
immeasurably long epochs, all aquatic forms of animal life had 
come into existence. 

Beginnings of Geological Ohservation, — The true spirit of 
research was still kept alive by men wh j confined themselves 
to special subjects of investigation, or described^the strati- 
graphy of particular localities. 

Friedrich Mylius published in 1704 and 1718 a valuable 
work on the rocks of the Thuringian district John Sirachey, 
in England, gave an admirable description of the various kinds 
of strata present in the coal districts of Somerset and N01II1- 
iimberland {PMlos, Trans., 1714 and 1725), Holloway studied 
the chalk deposits in Bedfordshire {Philos. Trans., 1J23). 

In Italy, Spada and the Sicilian observer, Schiavo, drew 
attention to the fossiliferous deposits of the younger Tertiary 
periods; the Venetian teacher, Donati, compared the present 
deposits and fauna of tlte Adriatic Sea with the deposits and 
fossils at the base of the Apennines. Baldassari contributial 
a similar work on the deposits near Siena. The traveller 
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Targioni Tozetti, of Tuscan)', occupied himself with the fossil 
Icnticlos {XiunmFilifes) of Casciano and Parlascio, which he 
took for ccjralsj aiui also with the fossil remains of land mam- 
malia that are distjibiiled in the valley of the x\rno, in Val di 
Chiana, and Ombrosa. Targioni showed conclusively that the 
mammalia had lived in these valleys, and had not been 
carried there by any diluvial catastrojdie, or brought by the 
("arthaginians. » ® 

'i'o^ Cdiristopher Tacke we are indebted for the first geo- 
logical map of a pail of England in his work, A Nerw 
J^/nlosoJ^/iicai-C/ioragrapMcdl Chart of East Kent ^ published in 
1743. The map embraces a district of 32 English miles in 
the east of Kent, and tlic descri[)tions in the text arc illustrated 
in the map by special signatures and lines. 

Lehmann ^ had an ample knowlei^e of the minerals 
and fossils that occur in the rocks of Prussia. His work, 
Versuch ciner Geschkhie des EiiUzgehirge (Berlin, 1756), con- 
tain^ a wealth of carefully observed data, and an elaborate 
stateimait of his ideas about the origin and composition of the 
earth’s crust. Lehmann accepts a universal deluge, pvhich 
dissolved or carried away in suspension much of tne* loose 
surface material of the primeval mountains. The fine earth 
and t;lay thus removed was precipitated as horizontal layers 
on the sides and at the base of the mountains, and formed 
the stratified deposits {Fiotzgdnrgc), As the waters receded, 
these deposits, together with the remains of plants and animals 
that had fallen upon the sea-floor, hardened into solid rock. 

Lehmann distinguished the primitive rocks from those of 
derived origin by their greater height, and by the nature ©f the 
veins or dykes {Ganggesieine) that occur in them. He did not, 
however, differentiate between the mode of origin of the so- 
called vein-rocks and the stratified systems. Pie thought the 
vein material had also origiiiated from water, but had been 
laid down in disorder in the early periods of creation before 
the universal deluge, so that it was vertically or diagonally^ 
deposited, ^and contained few or no fossils. 

^ Johann fkittlob Lehmann was a teacher of mineralogy and mining in 
Berlin. His writings extend over chemical mineralogical, geologicaf and 
mining subjects. In 1761 the Cxarina Cailiciine eiccled him 
of Chemistry, and Director of the Imperial Museum at Si. I'cteisbuig, but 
he died in 1767 from injuries caused by the explosion of a retort filled with 
arsenic* 
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The chief merit of Lehmann is his acnirale description of 
the stratified rocks 1h‘ disUiigiiLshcfl thirty 

successive bands of rock in the siiatifK^d .''}>*( in oi Iheul and 
Mansfeid, and set forth the gcoloi^ical slnirturr uf t!ial dislrii 1 
in an accompanying seiies of diagrams and sections. Many of 
the terms in his description of die Thuringian di-pnsiis wenj 
adopted by him from the miners, aiui have iieim retained in 
geological literature; for cxam[ilc, Zir/is/em or mine stone, 
corresponding to the 'Magnesian fJmestnne and shaks or 
Upper Dyassic group in Engkuu! ; and /vf/irs 
(J^of/i/iegende) or redunderlyer, the unpioductivo hasemenl beils 
below the ore-boaring, and the equivalent of the Lower Dyassic 

Wffat Lehmann accomplished for flic IVrmiaii rocks of 
Thuringia was acconmiished liy one of his rontt'mporaries, Dr. 
Fiichsel,^ for the Trnissic series in the same district In his 
Latin work, Michsel defined for the fir.st lime the scientific 
use of the terms Sfmium (Schicht), ( Lager), and Series 
moniam (Formation). Ho used the term ‘DormatioiD^ to 
signify a succession of strata, which have been formed jm me- 
diately after one another under similar conditit>ns, and represent 
one ep‘o<?li in the history of the earth; and this is the signifi- 
cance which has continued to be attached to the term in 
geology. ... . . 

Fuchsel recognised nine formations in Thuringia from the 
oldest or fundamental rocks to the IMuschelkalk : -- 

9. Muschelkalk, or Upper Limestone series (Middle I’rias 
of later authors) ; 

8. The Sandstone series (now Bunter sandstones or Lower 
Trias); , ^ t. 

7. Granular Limestone and dolomitic marls (now Zeehfem 
dolomite) ; 

6. The Metalliferous series {Zechskiu) and copper slate 

(KupferscMeJer ) ; 

5. White rocks, with interbedded sand and clay ; 

^ 4. Red rocks, with interbedded red marble ; 

^ G. Christian Fiichsel (1722-73) studied in Jena and Leipyg, took the 
degree of Doctor at Erfurt, and passed the great poriiun of his life jh a 
physician in Rudolstadt. The results of his investigations aie piihlished in 
two works; the chief work appeared at Erfuit in '1762: “IILstorla terni* 
et maris ex historia Thuringi^ pcrmontiiim dcscriptiononi crecta’* {Ai'ia 
Acad, elect MogmUinc?). The second work was published iiKlependefilly, 
and is now veiy scarce, Eniwurf suraUeshm Erd und Jllemehm Cmiikkh\ 
1773- 
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3. Slates, with intercalations of marble ; 

2. Carboniferons series (with this Fiichsel erroneously in- 
cluded the or Lower Dyas) ; 

I. Basal, t)r ‘‘A'ein’' scries, forming the summits of the 
Harz and Thuringiaii forest, with erect strata. 

Fiichsel carefully observed and described the fossils charac- 
teristic of the Musclielkaikj 2 Su?itsandsfein^ the Zeclisfein^ and 
other series. 

FiichseFs great work, though it was unfortunately but little 
known during its author’s life-time, became practically the 
model for the Wernerian School of geologists, and, more than 
any other individual work, laid the foundation of that rapid 
development of stratiijraphical geology wdrich began in Getmany 
in the next generation. He gave to the geological formation a 
definite palmonlological value, and also i^prcsented the surface 
outcrop of the several formations upon an orogmphical map by 
means of corresponding signs, letters, or numbers. Fticlisers 
geok)gicaI maps were the first of the kind in Germany, and his 
text further illustrated by detailed geological sections. 

Professor Arduino,^ in Padua, was the most brilliant of the 
early Italian stratigraphers. He was the first who s«b<livided 
the stratified rock-succession into Primitive, Secomiary, and 
Teriiary groups. His geological observations were made on 
the rocks of the Paduan, Veronese, and Vicentine districts and 
the neighbouring High Alps, and he gave an excellent exposi- 
tion of the composition, surface outcrop, and order of super- 
position of the strata in the groups which he distinguished. 

According to Arduino, the Primitive rocks are unfossiliferous, 
and consist of glassy, micaceous, strongly - folded schistose « 
rocks, through which run innumerable veins of quartz. The 
Monies semndarii contain a great number of marine fossils, 
and are composed chiefly of limestones, marls, and clays. 
Arduino enumerates severgil minor groups ’within the Secondary 
series, and dwells at consiSerable length on the uppermost 

white and reddish limestones, the so-called Scagiia (Cretaceous 

• 

^ Giovanni Arduino {1713-95) was Director of Mines in the Vicentine 
Province and in Tuscany, afterwards Professor of Mineralogy at Padua; he 
exerted a strong personal influence upon his colleagues in Italy and upon 
. the many foreign geologists that came to Italy for purposes of study. His 
wiitings weie \oiy numerous and non him*great repute. A list of them is 
given in the Bii to^iayhic ^iolo^hjue ct palionioiogiqm de dJtaUe, Bologna, 
18S1, 
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formations). He remarks the huge blocks of .granite ami 
schist which bestrew the exposed .surfaces of the rocks, 

saying that they have been ok-ariy carried heVi’ ffiiiu’ I’riuiilivv 
rocks exposed in the neighbouring Tyro!. J1i;t if rrni.jiiu d for 
a future age to penetrate the iny.stery’of tlm- turn. port of tliese 
massive blocks by ice. Ardiiino's j/nafcs- t,il;-u-ii cunsj .t of a 
younger and highly fossiliferou.s .scries of limc-tonc, sand, lu.itl, 
clay, etc., and he observes that the m.il' liaLs of ilu sc can 
in many cases be shown to Itavii been dcrivi'd iriuii tiic 
Secondary series. 

The volc.anio rock.s of Northern Italy were comprised by 
Arduino in a separate group, and their different origin was 
clearjy pointed out ; ho included in Ibe volcanic group not 
only true lavas and tuffs, but also the fossilifctoiis .strata with 
which the volc.anic r^cks were inU.Tbedded. .\uluinn nccord- 
iugly icferrod^tho origin of the volcanic group to resaurent 
eruptions and intermittent inumiafions of the ;-ea. 

Ihe first coloured geological map was pul .fished by (Suttlieh 
Glaser at Leipzig in 1775. ilhelin von ( ’iiar]H‘ntier puhifsbed 
three years later the Minmilwyy of ChmSaXi-ny, w liiclt ranks 
along ^yiyl the works of Lehmann and Liichsc! a.s a clas.sic in the 
early geological literature of Germany. 'The distribution of the 
principal locks and formations is sliown by means of coloui.s 
on a large map, and the occurrence of the le.ss iiniiortant 
rocks, of mineral veins and volcanic d}'ke.s, is indicated by 
various signs. ^ 

Chaipentier grouped granite, gneiss, mica schi.st, porphyry. 
and limestone together as a basal formation belonging to one 
and the same geological epoch. Abov9-this basal formation 
Gharpentier distinguished argillaceous schists and ‘klates, and 
the peywackes of the Carboniferous series ; then the Flotz, or 
ore-beping group, which he sub-divided according to Lehmann 
and huchsel. 


Some years later, by the disconery of Goniatites and fossil 
plants in the slates and greywackes, Von Trebra, an overseer 
»f mines, was_ able to confirm Charpentier’s conclusion, that 
the true position of these rocks in the succession was above 
and not along with the basal formation, * 

While the foregoing authors were conducting .strati-miphinl 
researches in special localities, otliers were cntleas-ouring to 
enlarge our arena of knowledge by means of travel and hv 
observations of a more general character extended over wide 
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areas. One of the most notable workers was the veisatile 
Guettard,^ who travelled through France, England, Germany, 
and Poland, ancf whose great desire it was to reproduce his 
scientific observations on maps. 

Guettards miueralogical map of France and Pmgland 
naturally cannot compare with the present Geological vSurvey 
maps ; but it certainly gives so much accurate information 
regarding the local occurrence of rocks and minerals, and the 
position of mines, quanies, •fossil localities, mineral springs, 
hot springs, coal, etc., tliat it can still be used with advantage. 
The map is not coloured. The accompanying text refers only 
in a very meagre and unsatisfactory manner to the strati- 
grapliical succession of the rocks. 

It was a pet scheme of Guettard’s to publish a mineralogical 
atlas of the whole of b'rance. This gii^ntic plan was never 
completed; Guetlard, in collaboration with his colleague, the 
chemist Lavoisier, published twenty-nine parts, and Monnet, 
in 1780, added thirly^one farther slieets.* llidirectly, this idea 
of Guettard's was productive of very important results, for the 
prepafation of the maps demanded an energetic search in the 
0[)en field for the necessary data. The enthusiasm of^Guettarcl 
inspired others, and there rapidly appeared a large number of 
scientific pajicrs on the mineralogical features of different 
French terrains. One very interesting paper gives an enthusi- 
astic account of the neighbourhood of Paris, its rocks, its 
minerals, and a large number of fossils. 

Guettard described the processes of land denudation effected 
by the solvent and destructive agency of rain and rivers, and 
by the abrasion of waves. This is probably the first paper 
in which ^ systematic account of denudation is given in its ^ 
relation to changes in the configuration of the earth’s surface. 
But the most brilliant of Guettard’s achievements was his 
discovery of the volcanic rocks in the xiuvergne region. 

In 1757 he was journeyirjg to Moulins and Riom, when be 
observed that black stones were very common on the roads 
and in buildings. Recognising that these were fragments of 
volcanic J^iva, Guettard, accompanied by his friend Malesherbes, 

^ Jean Etienne Guettard (1715-86), son of an apothecary, while still a 
boy displayed a passion for natural history, especially for botany ; studied 
medicine in Paris, afterwards accompanied the Duke of Orleans on his 
travels, and was made keeper of his natural history collections. In 1734 
he was cdected a member of the French Academy. 
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followed the traces of the lava, and was thus gifuled to the ex- 
tinct volcanoes in Auvergne, which had up to that time Leen 
unknown in mineralogical science. His famous pa|ier, eii tilled 
**Sur quelques monlagnes de la France qiiFont^etc \hjlcansd’ 
was presented at the Ko3\al Academy of .<rk‘nres in 1752, and 
published in 1756. His paper on Ixisali was published in 
1770. 

Giraud Soiilavie, abbot at Nitnes, investigated llie extinct 
volcanoes in Vivarais, W‘lay, Auvergne, and ITovcncw His 
chief book, Misioire na^nrefie tfe la h ranee meruinmak' {Xinu'S, 
1780-84), gave an accurate description of the rocks of tlie 
neighbourhood. In it Soulavie strongly atlvoixiled lint vcF 
canip origin of basalt, and described«.in!nulely the physical 
peculiarities and the divisional planes !)asall rock. He also 
made an attempt tQ. determine a clironologictil sucressiun <.4 
the volcanic eruptions upon tlie basis {0 of the position of 
the basaltic llows above or below rocks of other composition 
and origin, (2) of the pieseivatiun <»f the scoriaceoiis^ a!id 
slaggy surfaces, (3) of the \aiiaUuns in tlm* he’giit of ihc 
extinct craters. Even although the siicccs.sion drawn'^up by 
Soulavi^ could not be other than faulty, owitig to the ek‘- 
mentary state of stratigrapbical knowledge at that time, it was 
a remarkable piece of woik, and fully justifies for him a^high 
place amongst the geologists of the end of the eighteenlli 
century. His own contemporaries were inclined to see rather 
the weaknesses than the excellences in the work of the country 
abbot. Many of Soulavie’s conceptions and observations liavcr, 
however, proved themselves to be eminently fruitful and valu- 
able. 

* E-ouelle, a lecturer on chemistry, seems to haft been an 
exceptionally acute thinker. In a short introduction to a 
series of lectures on chemistry, Rouelle touched on the origin 
of the earth and the composition of its crust He dislinguishecl 
“an old and a new earth.” To t^ie first he reckoned granite, 
in the latter he placed all calcareous, argillaceous, and arena- 
iCeous rocks, together with the fossils contained in them. The 
fossils were, he said, distributed in the succession of rocks in 
a definite order of development, and these extinct forms had 
differed in the different lands according to environment and 
climate, Just as the existing faunas and floras differ in diflerent 
localities at the present ^"day. Rouelle further explained the 
coal seams as accumulations of plants j the rough limestone 
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of !\iris as a mass of fossil molluscs, amongst which the genus 
Ceriihia prcdomimtcd ; and the Hmeslones in Burgundy and 
in the i^iorvan as similarly an nggiegated mass of ammonites, 
bclemiiites, awl gA'philes. Unfortunately, Roiielle published 
nothing more Ihanlhe bare outline of his ideas, and they failed 
to beindlt the general (k*velopnH‘nt of geology. 

A Swedish mineralogist ol wide repute was Johann Ferber, 
who tauglU first ii.i St. Petersburg, afterwards in Berlin, and 
finally settled in Swlizerlaifll. He was an indefetigable 
traveller, and wrote interesting series of letters relating his 
impressions and ol)servations during journeys in nearly all 
European countries. 1 1 is description of the neighbourhood 
of Naples, and still n*ore his account of the ejected tipcks 
of Vesuvius, are among the finest scientific writings of the 
eighteenlli centiiiy. # 

Igna/. von Born, an Austrian, was a learned mineralogist, and 
a paheoniologi.st of far keener insight than most of his con- 
temporaries. Like Rouelle, he reaii.sed the great part that 
fossils were destined to play in hihtorical geology, observing 
that siK'xessive assemblages of fossils gave indication of the 
different geographical and climatic conditions wliich had 
obtained in the same area during successive ages. In one of 
his treatise.s, Von Born recognised that the “ Kammerbuhel” 
near IVanzcnsbad was an extinct v'olcano, but this opinion 
was at tlie time attacked and contradicted by Reuss, the 
Neptunist 

G. L, Lcckrc de Buffm } — It was only natural that misgivings 
should have been aroused in the minds of many thinkers 
regarding S science whose literature frequently indulged in 
unfounded and fahttistic hypotheses, and whose votaries seemed 
often to arrive at worldly distinction without having displayed 
any deep scientific knowledge or accurate observation of 
nature. • 

Buffon gave expression to this widespread feeling among his 
contemporaries when lie made the sarcastic remark that* 
* 

^ George Louis Leclerc de Buffun, born at IMonlbard in Burgundy in 
1707, was tlie son of a wealthy land-proprietor and Member of Parliament, 
Benjamin Leclerc. In the early part of his scientific career, he devoted 
himself to physics and mathematics, but was*appointcd in 1739 to succeed 
Dufay as Director of the Botanical Garden at Paris. He received the title 
of Count with the surname De Buffon. He died in Paris in 17S8. 
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geologists must feel like the ancient Ionian augurs coiihi 
not meet each other without laughing. XcverlhuloHj he 
resolved to gather together all the actual onservatiuns hitherto 
recorded in geological science, and to conshiiet^i more reason- 
able history of the earth upon this recogni.'^ji! basis. 

His first geological work, I'/z/vrie de ia Ttrn\ which was 
published in 1749, marked little advance upon riirrcnt 
literature, but it was an able argument agaitisl the principles of 
the eartlPs origin Iield by Whrston, lUirnct, Wuodwaul, and 
Leibnitz, and boldly denounced the popular idea of a universal 
Deluge. His great w’ork, kpoqtus de la Kaiuri\ appeared 
twenty-nine years later, in 177S. 

I^uffon there enumerates live of first importaiu'e, 

and five additional “ monuments or commenls. The facts ” 
are physical in chap.ctor; they postulate the oblalU‘S|)heroidaI 
form of the <^arth; compare the small amount of heat received 
from the sun with the large supply possi‘Ssed by the body of 
the earth; the effect of the earth’s internal heat in altering tlic 
rocks of the crust; and the presence of fossils everywhere over 
the earth, even on the tops of the highest mountain^, llie 
‘‘ monignents assert that all limestones consist of the remains 
of marine organisms, and that in Asia, Ameiica, and the North 
of Europe the remains of large terrestrial atnmals occur at a 
small depth below the surface, showing that they appaVently 
dwelt in these regions at no very remote age; whereas the 
deeper-lying remains of marine creatures in the same region 
belong to extinct species, or are related only to forms now 
inhabiting far distant seas. 

Starting from these axioms, Buffon pf^rtrays in very attractive 
terms the beginning, the past, and the future o^our planet 
He derives the material t)f our earth and the other bodies of 
the solar system from the impact of a great comet with the sun. 
The earth's material assumed the form of a spheroid flatieiicd 
at the Poles, and for 2,936 yea*fs continued in a molten state. 
This was the first epoch in Buffon’s scheme, and he determined 
♦ its length of duration by a series of experiments with balls of 
melted iron of different sizes. In the same way licidetermined 
the duration of the molten state to be 644 years in the case of 
the moon, 2,127 for Mercury, 1,130 for Mars, 5,140 for Saturn, 
and 9,433 years for Jupiter. The period required for the eartli 
to cool down to its present temperature was caiculated by 
Buffon to be at least 74,800 years. 
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To the second t^poch (amt 35jOoo }uars) lliiffon assigns the 
gradual consolidatioti of the material at the earth’s surhice. 
'Hie occurrence of rents in this primitive crust allowed the 
inrtux of inoltL^i mc^ullic ores, and was the first cause of surface 
irregukiriiicH, At the commencement of the third epoch {ca, 
I5“20,000 yems}, the cooling of the earth proceeded so for that 
the atmospheric vapours were pre(‘ipitated and gave origin to 
the primitive universal ocean. Then began the development of 
life in tlie warm waters and ihft accumulation of marine sedi- 
ments. (Iradiially the mountains and continents appeared, the 
tapering of the cuntinenls towards the south being due to the 
rush cjf oceanic currents from s<mth to north. The fourth 
period { m . 5000 yenrs)^was signalised by a sudden accession 
of the earth’s internal heal, with the result that violent volcanic 
eruptions burst forth, and were accotnpanied by gigantic 
convulsions of the earth’s crust. ^ 

'ilie fifth period saw calm restored, but the equatorial regions 
were still so hot as to he uninhabitable. Life flourished over 
large continental regions at the Poles, and the large terrestrial 
aninialst elephants, mastodons, the rhinoceros, and others, came 
into existence. As the heat continued to diminish, thg faunas 
and floras gnuliially migrated southward 

The sixth period .saw the decimation of a continuous 
northern continent into several poitions, and many local 
changes in the extent and position of the seas. Man appeared 
and began to struggle with lower creation for the means of 
existence. 

The seventh period is the epoch of Man’s lordship in the 
world, and this will coii^inue until the earth cools to a tempera- 
ture twenty -ive times colder than that of the present age, when 
all Creation on the Earth’s surface \till be annihilated. 

Buffon’s merit consists in the bold construction and masterly 
exposition of a theory which for the first time brought the 
historical possibilities of gcolagy to the forefront, Kis calcu- 
lation of the duration of the successive epochs had, it is true, 
no empirical basis. Yet it made sufficiently clear to all readers 
the authork desire to insist upon long periods of time for the 
slow processes of change in the earth’s configuration, and for 
the appearance of successive forms of plant and animal life. 
Some of the noteworthy advances made by Buflbn were the 
dilfereniiation which he diew between the primitive rocks 
formed in the second period, and the sedimentary and volcanic 
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rocks of the next periods; his clear conc'eption that the oldest 
inhabitants of the ot'ean had become, extiiict and 
succeeded by younger forms; his allocation of the early home 
of the large Mammalia in Polar districts: find Ws belief ba^t.d 
upon the distribution of land faunas, tlKrt the Old and New 
Worlds had once been united as a witle Xorthern (’oiitinent. 

The weaker features of IkiOon's work are hi*^ views ahoiil tlie 
origin of mountains and valleys, whit'h ijre far behind those 
of Steno, and appear to have* been taken fur the must part 
from the Teiliamed, lie also neglected to incorjioiate the 
important results attained by jxdiniann, huchsel, Ardiiiiio, and 
other stratigraphers. At the same time, Biiffon was uiKleiiiably 
on# of the most gifted exponents of speculative (Hrec'tion 
which characterised the geological writings of tlic sixteenllg 
seventeenth, and eighteenth centuries. Tins period, Imwevcr, 
contributed ra large amount of useful material towards our 
knowledge of the earth, and its many theoretical! failures 
brought men at last to a clearer prcception that the ni;jterials 
for an accurate histoiy of the earth must be looked fc^r in the 
earth itself. But the key had not yet been discovered to the 
solution of a chronological succession of rock-formations ; the 
study of stratigraphy was still in its infancy, and the merest 
beginning had been made in the investigation of deformation 
of the crust and mountain structure. 

Volcanoes and Earthquakes . — The phenomena of volcanoes 
and earthquakes have always attracted a large share of 
attention from geologists, not only in virtue of their majesty 
and splendour, but also because of ^heir destructive effects 
upon human life and property. The philosophers of antic|uity 
for the most part associated volcanoes and earthquakes with a 
molten earth-nucleus, or with special subterranean centres of 
eruptivity, and the majority of the authors in the sixteenth, 
seventeenth, and eighteenth cefnturies supported one or other 
of these views. 

Martin Lister had a theory that when sand or other material 
with an admixture of sulphur weathered in the atRl!>spherc, tlie 
sulphur became heated and exploded, causing volcanic erup- 
tions. Lemery, in 1700, put Lister’s theory to experimental 
test; he showed how a mixture of sulphur, iron filings, and 
water imbedded in earth becomes heated, and finally bursts 
open the earthy covering and emits flame and vapour. 
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The submarine eruptions at Santoiin, in 1707, were fully 
reported by Vallisnieri anil Lazzaro Moro, but Mount Vesuvius 
was the volraiio which proveii the eliief source of interest 
throughout t!ie*sixteenth, seventeenth, and eighteenth centuries, 
when it was visited* by cultured men of all countries during 
tluiir travels in Italy. 

The Royal Librarian in Naples, Father della Torre, in 
1755 compiled a complete record of all the active eruptions 
and other phenomena observed at Vc‘suvius from 79 A.D.to the 
middle of tlic eighteenth century, \'alua!)le information about 
Vesuvius, Etna, and the surroundings of Naples is contained 
in the letters addressed by the English ambassador at Naples, 
Sir William Mamilton, the President of the Royal Society in 
London. And the handsome volume*, with fifty-nine coloured 
plates, !)y th(^ same author still holds itsf reputation as one 
of the most trustworthy historical and scicntifid^ accounts of 
JMount Vesuvius. 

Tilt progress of travel in the sixteenth, seventeenth, and 
eighteetith centuries gradually added a knowledge of the wide 
distribution of volcanic mountains. Besides the S. European 
volcanoes and Mt. Hecla in Iceland, geographers rect)gnised 
the active volcanoes of Kamtschatka, of Japan, the Sunda 
Isles, the Philippines, the Canary Isles, the Azores, the West 
Indies, Ivlexico, and Peru. 

Meantime Guettard’s discovery of the extinct volcanoes of 
Auvergne gave a new impulse to the mineraiogical study of 
the volcanic rocks in that vicinity. 

Nicolas Desmarest, a French Professor, opposed Guettard’s 
erroneous conception ^that the Auvergne basalt pillars had 
crystallised from a watery fluid, and demonstrated the 
resemblance of the Auvergne basalt to certain recent lavas. 
He showed that in the Auvergne district true basalt is 
frequently covered by volcanic ashes or rests upon ashy 
material, that the transition in the held from basalt to 
true lava is quite gradual, and that the basalt everywhere 
presents the character of a volcanic mass that has been^ 
originally ^lolten and has afterwards consolidated. Pie 
thought, further, that basaltic rock frequently showed transitions 
to porphyry (trachyte and phonolite), and this again into 
granite, and concluded that all these rocks probably originated 
from a molten state, the granite representing rock solidified 
from a less fluid state of the volcanic magma, and basalt 
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representing rock formed from a completely molten magma. 
In spite of Dcsmarest’s mistaken vitavs abcml the lelalimsship 
of basalt to porphyry and granit(‘, he ^vas the first cltsir 
exponent of the igneous origin of thesp n)eks. He was 
besides a pioneer in the comparative method of study- 
ing the igneous rocks. Papeis i'onfirniing i)esinau‘Kt in his 
estimate of tlic igneous origin of basalt, p>>rphyr\% and 
granite were contributed by iiaspo in ! 4 (*sse, by brol'tss<n‘ 
Ardiiino in Ikaclua, and by INIr. Slrangt‘, the Hnglisli ronail 
in Venice. 

Faujas de Saint-Fond (i742-i8i<)), Froh/sstu- in the 
Museum of Natural History in Paris, brouglit forward 
cont*Iusive evidences of the igneous origin of basalt in his 
famous work entitled, On the JixHnti Vokamh^^ 0/ llvarais 
and Veiny, The* work contains a detaikal mineralogiral 
investigation "bf the ejected material of active volcanoes, am! 
compares them with the rocks present in \dvarais and Wday. 
In the course of his journeys in Southern J‘'rance he found 
a volcanic tuff identical with the Pozziiolo cartia, and 
established the flourishing industry of the preparation of 
cement* Saint-Fond’s descriptions and illustrations of iha 
extinct volcanoes in Vivarais and A'elay are excellent, and 
have scarcely been surpasbcd in later publications. 

The fearful earthquake which destroyed Lisbon in 1755 was 
made the subject of a large number of scientific ini|uiries 
into the causes of earthquakes. William Stukeley^ theory, 
attributing earthquakes to electrical disturbances, gained a 
certain amount of support abroad. Aipther Englishman, Mr. 
Michell, suggested that the sudden expansion rof vapours 
enclosed in Assures and cavities of the earth’s crust caused 
earthquakes and volcanoes, the upheaval of mountain-systems, 
and the deformation of the rocks. 


Third Period— The Heroic Age of Geology, 

' FROM 1790 TO 1S20. 

The characteristic features of this age, and that which gave 
it a rejuvenating significance in the development of gi^ology, 
was the determined spirit that prevailed to discounlenam:c 
speculation, and to seek untiringly in the field and in Ihe 
laboratories after new observations, new truths. 
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Interest was cliiecled, in the fust place, towards the in- 
vesiii^ation and description of the accessible parts of the 
earth’s crust I'he^conipositioa and arrangement of the strata 
were studied with enthusiasm. The bolder inquirers ventured 
into wild recesses *of mountain-chains and climbed snowy 
peaks, wdiosc difficulties had hitherto been thought insur- 
ninuntahle ; travellers explored the uninhabited plains of 
Siljtaia, the remolot mountain/anges of Asia and America, 
and brought home w^ith them new scientific material and 
observations of the highest importance for comparative re- 
search. 

The iliustrious Professor of Mineralogy at Freiberg, Abraham 
Cloltlob 'W'erner, excrcis8<l an unrivalled authority amongst ^he 
followers of the strict descri[)tivc method in natural history. 
By the skill and eloquence of his teaching far more than by 
his books and writings, AVerner inspired in his Scholars and 
adherents a devotion tow’ards exact methods of study. The 
public* lectures given by AVerner systematised for the first 
time th(^ subject-matter that should properly come within the 
domain of that rapidly growdng branch of science for which he 
originally suggested the name “Science of Mountain?,” but 
afterwards called “ Cleognosy.” AATrner included in his system 
of geognosy the mineralogical identification of the rocks, also 
the minerals present in them, and their special places of occur- 
rence, the determination of the stratigraphical position of the 
rocks, their thickness, and mutual relationships, as w^ell as the 
conditions under which they took origin. 

Under the term “ g^logy,” suggested by De Luc, AVerner 
would only i^cognise theoretical speculations about the origin 
and history of the earth. Great though the advantages of 
Werner’s method w’ere, it was not without its weaknesses. 
The chronological succession of the individual members of a 
formation was not determined with sufficient precision, the 
fossils were scarcely used in ^determining the age of a rock 
stratum, and the history of organic creation was not even 
recognised as a subject of investigation in geognosy. 

In this respect the great pioneer was the English engineer, 
AVilliara Smith. He w^as the first to make known on incon- 
testable evidence that the stratified rocks of England could be 
most securely identified and arranged in chronological order 
according to their organic contents. Smith’s method of deter- 
mining the age of rock-strata from the organic remains found 
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ill them provided an inestimable complement to Werners 
system, since the latter rested in the main upon niineralogiriil 
distinctions. William Smith has received the nierital appella- 
tion of father of historical geology.'^ Ihvo French scientists, 
Alexandre Erongniart and (Javier, attained similar results, 
independently of William Smith, from their examination of 
the fossils in the rocks of the Paris basin. 

Thus the knowledge and conyKirativc ii\vostigaltnn of fossil 
faunas and floras came to be recognised as a kxiding fealiifi* 
in the study of rock-formations. Rapid studies were made in 
the new direction of research by Cuvier, Erongniart, laiman^k, 
Schlotheim, Sowerby, and others. The name of ihakeontology 
waa^ given to the special deiartment^ of zoological and geo- 
logical science that treated of extinct organic forms. 

During this periifj (1780-1820), while advances were lH*ing 
made in enifiirical methods of study, the theoretical aspect 
of geology remained for the most part on the old lines. 

The theories of the universe presented by De Luc: awd De 
la M^therie are largely imaginative. Cuvier's Cata^trophal 
Theory still betrays the dominating influences of the older 
literature. Werner’s hypotheses about the origin and de- 
velopment of the earth scarcely rise above the ideas current 
in the seventeenth and eighteenth centuries. Indeed, the 
erroneous views held by Werner with regard to the origin of 
basalt and of volcanoes, together with the one-sided ciuiracter 
of his Neptunistic doctrines, appreciably retarded the progress 
of geology. 

The opponents of the Neptuiiistic doctrines were the 
Plutonists and Volcanists, who numbered in J:heir ranks 
many observers of world-wide repute — Hutton, Dobmieii, 
Von Humboldt, Von Buch, Breislak. Yet the early Plutonists 
had no g^at array of facts before them, and their teaching was 
necessarily inadequate for purposes of generalisation. 

On the whole, however, the* dose of the eighteenth anti 
beginning of the nineteenth century was a period mack 
^memorable in geology by the pioneer labours of a brilliant 
phalanx of scientific men — Werner, Saussiire, tlumboldt, 
Hutton, W. Smith, Cuvier, Erongniart, and others, 'Pheir 
works and teaching stirred new activity and interest in this 
branch of research in the mining-schools of Europe, and 
numerous adherents gathered round the intellectual heroes 
of the age. Students were attracted by the freshness of the 
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mineralogical and geognostic discipline, as it now came to be 
enunciated in professorial courses of lectures, and above all 
by enthusiasm for science which had largely to be pursued 
out-of-doors, aTid therefore offered wide scope for the physical 
as well as the mental energies of youth. 

Following the guidance of their groat leaders, a numerous 
band of workers, by their unabated zeal in collecting and 
identifying fossils rnd rock-SRCcimens, no less than by un- 
remitted observations in the field, established the young 
science of geology upon a platform of equality with other 
spheres of scientific knowledge.^ 


Palias a?id T>e Saussure . — Pallas and De Saussiire are tno 
of the few scientific men of the latter hali of the eighteenth 
aaitnry who endeavoured to explain the surface •ionformation 
of the earth upon principles of stratigraphy and structure. 
Peter pinion Pallas, born in Berlin in 1741, came of a highly 


^ The Aief seats of mineialo,;ical and geognostic teaching at this time 
■YV’cre the mining-schools; that of Fieibeig fonmled in 1765, Sqjiiemnitz, 
1770, St. retej.shurg, 17S3, and Pari'>, 1790. Geology was also associated, 
at least in Germany, svith the liteiatiire of mining and mineralogy. \h)igt 
published a magazine on mineralogy and mining interests (Weimar, 1789- 
91). A number of impoitant papcis on geology, mineralogy, and mining 
aie contained in C. K. von ^lolfs Jalirluii her tier Jkri^n^ni Iluiiefikiindu 
(Salzburg, 1797-1801 ), a series which continued to he published until 1S62. 
K. C. Leonhard's IWlri-imk ( Taschenbuch) for Muieralogy was founded 
in 1S07, and soon took the first rank among the German journals, which 
it has continued to retain to the present day, its title having been changed 
in 1830 to Jahrbttch fur^hncmlo;fei Gcohgie^ und Peb efaktenkunde 
(Palxontology)^! Ballenstedt’s Archiv fiir d-e imtesien Entdeckungen 
in der Unvdt (Quedlinburg and Leipzig, 1S09-24, 6 vols.) were 
chiefly devoted to the occurrence of human lemains, dduvia! animals, and 
other fossils, likewise to questions of a theoretical natme. In Fiance, the 
Journal des Mfines (Paris, 1795-1815) corresponds to these Get man publica- 
tions. From the year tSi 6 , this magazine received the title Annaks des 
MimSj which it still bears. Tht Journal de Pkysiijuei published by Rc'zier 
and De laMelherie, contains a number of theoretical papers by De Luc 
and De la Metherie, and also important petrographical communications by 
Dolomieu, C<irdier, and others. In England, the Geological Society of 
' London was founded in 1807, and geological and paloeontological papers 
were afterwards published in the Transaelians^ later in the Procmiings 
and Quarterly Journal of this Society; previously contributions in these 
branches of science had been published chiefly in the Transactions of 
the Royal Societies of London and Edinburgh. In the other European 
States, scientific Societies and Academies were zealous in the publication 
of special papers on geological and paloeontological subjects. 
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gifted family. His fiithur was professor c^f surgrry, lii:> mother 
belonged to the French colony in Herlin, •His inborn talent 
for languages developed eaiiy ; while still at seroio!, he 
mastered FrcmF, English^ and Latin in to Ids n;ili%*e 

tongue. He studied medi('ine aiul natiira*! seiiiK'e a! Ileilin, 
Haile, (Iditingen, ami Leyden, aiul alu*r a visit to Liiglainh 
settled at the Jlaguc in 17!),^ to d<‘vote himself exclusively to 
science. I’he turning-poinl in Jus eaieer ^vas an iovilatinn lo 
fill the chair of Natural History in llu* lm|H’rial Academy of 
St. Petersburg, anti the further reipiest ilmt ho slunilcl 
undertake the leadershi]! of an e.xpediticui lo Siberia, |'>lanned 
by Empress Clatherine 1 L 

Mias spent six years of great •|u*lvalion in 

Eastern Russia and SilHiia. t'Xploring tluj plains, dvens, and 
lakes, with a vimv l^oih to their geography and Ihcir faunas 
and iloras, n^.l he also examined gisygraphirally the Uia! and 
Altai mountains. 

Partly dining the expedition and partly afterwards, dkdfas 
published a three-volume work containing an ac<x>unt of his 
travels and observations. 3 mw explorers have roniributed 
such vast Wealth of geogiaphical, geological, hotauicnl, 
zoological, and etlinographical observations as Pallas has done 
in this justly famous work. 

In 1793 Pallas commenced a journey of two yeats^ durnlicmi 
in Southern Russia and the Crimea. He liked tlH‘ provinctj 
of Taurida so well that he afterwards took up residence there 
upon an estate presented to him by Empress (aithenuix He 
continued his scientific reseaiches for several years, until, 
failing in health and saddened by tife loss of Jiis wife, hv 
returned to his native city in 1810, and died in Berlin 
in i8ti. 

Pallas occupied a high position in the scientific world. 
He achieved his successes mainly in zoological and geograph- 
ical research, but he also contril>uted mucit to the progress of 
geology. His geological views are contained in a treatistj 
^ published by the St. Petersburg Academy, Cmsiiiemimi 
the Structure of Mountain-Chains (1777), and in ftie Pkyskal 
and Topographical Sketches of Taurida (1794). 

John Michell had in 1760 published in the Fhihmiphka! 
Transactions a series of observations on earlhqiiakes and 
mountain-structure. This paj)er was accompanied by an ideal 
section through a mountain-system, showing a central core 
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composed of the crystalline massive rocks, on either side a 
succession of upttlted and upheaved strata covered in their 
turn by younger, slightly tilted, or horizontal deposits 
composing tlic neighbouring plains. Michell, however, did 
not draw any general conclusions. Pallas was enabled from 
his wide experience to fill in the details of MichelFs skeleton 
plan of a mountain-system. 

According to Pallas, granite forms the core of all great 
mountain-systems. It is covered by unfossiliferons schistose 
rocks of various kinds, serpentine, porphyry, etc. These rest 
against the granite in highly-tilted or vertical positions, and 
are themselves succeeded by argillaceous schists and shales, 
and by thick masses of limestone containing marine fossils'. 
Thii shales and limestones have highly-tilted positions where 
th(iy occur in the inner parts of a mountain-system, but 
become less tilted and horizontal in the outer portions, the 
number and variety of the fossils at the same time increasing. 
The Tow hills and ])lains are composed either of sandstone, marls, 
and red clay with stems of trees and twigs of land plants, or 
of loose material, with the bones of large land njjimraals. 
Pallas examined the mammalian remains with great care. 
He proved the astonishing frequency in the occurrence of 
mammoth, rhinoceros, and bison in the vSiberian plains, and 
described a rhinoceros corpse with hide and hair complete, 
imbedded in the sand and pebbles on the bank of the Willui 
river. He also stated that great accumulations of sand 
and sulphur occur in the schistose zone of rocks, and that 
the decomposition of 4 hose materials gives origin to volcanic 
disturbanc<^, which how^ever affect only the rocks above the 
schistose zone and the granite. 

The primeval ocean of the globe, in his opinion, never stood 
more than 100 fathoms above the present sca-level, so that 
the granite core of the mountain-chains could not have been 
covered by it. All mountain-ranges composed of schists, lime- 
stone, and younger formations, or, as Pallas called them, the, 
mountain%of the second and third order, owed their upheaval 
to volcanic force. The schist mountains had originated before 
the creation of living creatures; then the limestone ranges 
rose above the primeval ocean, and some of these, such as the 
Alps, in relatively recent periods. The mountains of the third 
order were due to the last volcanic eruptions. The upheaval 
of mountain-chains was always accompanied by violent ground- 
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tremors and by other disturbances of the earth’s siirfa<*e. 
Great cavities formed in the earth’s rrost and filled with 
sea-water; or, sometimes, pot lions of the roijtiiienls \vi*rv 
devastated by floods. In illustration of this, Pallas said that 
at the outbreak of volcanic action in the Indian Ocean and 
South Seas, / 7 m) seas strm la mupy a ptminm alnre 

one common vokank arc/^ the waters of the lupiator were 
forced towards the Poles, and carried norfhward from India 
the plants and animals that now lie buried in the loose gravels 
of the Siberian plains. This was the explanation he gave 
of the occurrence in such nmiarkable ni]m!)er of hones of 
mammoths, rhinoceroses, and huffaloesjn Sihewia. 

Although this explanation and many of his opinions 
about volcanoes ^werc erroneous, there can he no 
doubt that J^allas was an accurate observer, and that his 
broadly conceived delineation of the surface conformation, 
general sculpture, and physical characters of a Imge and 
hitherto untravelled territory, conferred an inestimable lioon 
on the struggling natural sciences. The works of Pallas have 
been tht basis of all later geological investigations in eastern 
and southern Russia, in the Ural and Altai mountains, and in 
Siberia. 

A life-long student of the Frcnch-Swiss Alps, Horace 
Benedicte de Saussure must always be given the place of 
honour amongst the early founders of the science of the 
mountains. Born in Geneva in 1740, the scion of a noble 
and rich patrician family which had already won high 
scientific repute in the previous cenlwry, De Saussure en- 
joyed in his early years and education every aCvantage of 
wealth, culture, and influence. As a boy he rambled in 
the country around Geneva, diligently collecting plants and 
minerals. But the mountains near Geneva failed to 
satisfy the enterprise of the youthful student At the age 
of twenty he made his first walking tour to Chamonix, am! 
efrom that time resolved to devote his life to the study of the 
Western Alps. Two years later he was appointed Brofessor of 
Philosophy at the Academy of Geneva. 

In 1787, at the head of a well-equipped party, he carried out 
the first ascent of Mont Blanc. In the following year he 
spent eighteen days in the Col du G^ant, at a height of over 
10,000 feet; and between 1789 and 1792, he climbed the 
summits of Monte Rosa, the Breithorn and Rothhorn. In 
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1^/94 a stroke of paralysis put an end to his mountaineering 
activity, and in 1799 he died. 

Saussure’s glowing descriptions of the Alpine world removed 
the prejuclice*tigainst the I^lontagnes Alaudits,” and awakened 
a feeling of enthusiasm for the infinite wonderland of beauty 
and delight in the higher altitudes of the Alps. Apart from 
his achievements in science, De Saussure may be regarded as 
the pioneer of a pj:actically n^w cult in human enjoyment, the 
love of mountain -climbing. 

His great work, Voyage daos /es A//>es, is a model of clear 
language, exact observation, absence of bias, and cautious 
reserve in forming general conclusions. His style is simple, 
conci.se, without rhelotical efforts, yet by no means devoid of 
elegance. At the outset De Saussute laid down the principle 
that we need not expect to advance oiflr knowledge of the 
earth’s past by a study of hat plains ; that onl>’^by solving the 
problems presented to our view in mountain-systems can we 
hope to gain insight into the series of biological and geological 
events pn the history of our world. His chief concern was to 
observe accurately ; he placed little importance on theoretical 
speculations, ♦ 

The descriptions of his journeys start with the environment 
of Geneva, — -with Mont Saleve, the Rhone Valley, and the 
south-west Jura, — continue into the Dauphine, across the 
Tarentaise and Maurienne group, the Mont Cenis Massive, 
the Ligurian Alps, and embrace the Provence and the Rhone 
Valley. The district examined in greatest scientific detail was 
that of Mont Blanc and the Valais group; but he also travelled 
through St. Bernard group, the Berne and Gotthard Alps, 
and the neighbourhood of Lake Lucerne. Everywhere he 
observed and noted the local varieties of rock and the 
occurrences of minerals and fossils. He also entered the 
strike and dip of the strata upon topographical maps, although 
he made no attempt at geological maps and sections. 

In his views on mountains tructure, De Saussure followed 
Pallas. He showed that in the Western Alps, as in the lira? 
mountains, a central core of granite, gneiss, and other primitive 
rocks, was succeeded by stratified but unfossiliferous shales 
and schists of different kinds. The schistose rocks were most 
steeply tilted in the Central Alps, where they came into 
proximity with the primitive rocks, while towards the outer 
Alps the secondary rocks (limestone, sandstone, conglomerates) 



S4 HISTORY OK OKOLOGV AXI) I’AL.IXiN fi.ii.O) ,/■. 

followed in less tilted positions. .More striking than this st lu-inc 
Saussuru's adinirahlc description of 
the fon-shapcd arranseracnt of the schists ip the Cmtr.d :\!u 
of western bwitorland. and his jn-uof th,a thc^ kmcit.uiS 
valle>s and the chaiirs of secondary rock follow the'.strike of 
tne strata and the continuation of the main rid"e reiininin ' 
parallel with the leading or central chain. .Saii-.snie further nvt 
forth the asymmetry of form presented by the We.stern .\!iis 'in 
respect of their gradual de.scent to the Swi.ss pkun.s on tlu- nu’rih 

Xit examined the mineral composition of the rocks -md ii... 

position of the different ’kind.s of 
phy^ciUelions hft'f * lopographic.ii, meteorological, and 
he S of I. S A permanent addition to 

his determinations of the snoSf disturbances. 

- the ground and in the deplhs of \he hi L ’hi’’'''- .%?■ "" 

^'^‘'■’^tition of plants at'chfferent 

i;5E“33-sr?i“ 

ab?ut valleyfLfon atffbou? d f 

thicknesses of and nehhh pugm of the immense 

and at the foTS the 
Padua, De Sau„u,e i«y 

Arduino in arriwnff at fn ’ ® ®“cc<.®sful than 

to one geoSeSVeS Z nT'T- , *'>« 

inthrows of the crust had ttkef nllep*^^ thought gigantic 

ocean rushing into the 

and scattered^Iarge masses ofrock ^ ^ ^'"''Stoonted. torn away, 
With our present intimate knowiedge of glaciation, it seems 
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strange that De Saussure should have provided us with a 
minute description* of the rounded, hummocky terrains in the 
Alps, which h^ termed ‘A"oches moutonnees,” and should even 
have observed the scratches upon these rocks, and yet have 
failed to associate such phenomena at lower Alpine levels with 
anything that he Itad observed in the higiicr altitudes. On 
the other hand, realising as we do to-day the extreme com- 
plexity of Alpine stratigraphy, ft is readily comprehensible why 
in spite of the extraordinary number of his observations, Dc 
Saussure could not construct from them any definite chrono- 
logical succession of the rock-strata in the Alps. He certainly 
differentiated the sccot^ary Alpine rocks from the primitive 
crystalline masses in the central chain, and distinguished^the 
deposits iti the plain of Piedmont as Tertiryp\ 

In his conceptions of the origin of granite^ schists, and 
igneous dykes Dc Saussure followed Neptunistic doctrines. 
Filial^, after much hesitation, he allowed that the sedimentary 
series had been deposited horizontally and only subsequently 
elevated and tilted, but he would not agree to the Volcanistic 
teaching that volcanic force had upheaved the rocks. J^^ooking 
back on Dc Saussure’s geological writings, it might seem that 
from their lack of broad generalisations they had failed to 
exert a direct infiuence upon the progress of Alpine geology. 
Yet their faithful observations have made them reliable books 
of reference for all Swiss geologists to the present day. De 
Saussure's love of truth and his passion for nature, combined 
with the extreme modesty of his attitude towards the science 
of the mountains, hav% made him an ideal personality in the 
annals of Alpine geology. 

Endless in his energy, insatiable in his desire to accom- 
plish, De Saussure, at the conclusion of his life’s labours, writes 
that he has found nothing constant in the Alps except their 
infinite variety. With a feeling of sadness he admits the 
futility of all his efforts to wrest the eternal truths of nature 
from the majestic peaks of his native land. Then it was that 
he wrote lus charming book of Instructhns to Young Geologists, 
He impresses upon tliem above all to keep their minds free 
from bias in favour of one scientific opinion or another, to 
make it their chief aim to observe with the greatest deliberation 
and detail, to omit notliing as unimportant, and at the same 
time not to lose sight of the possible value of all facts in 
establishing the fundamental principles of the science. 
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G. Wermr aiid his School, Ltvhn’d v>m Huch 

zwi Gottlob WcnuTri I’rolJ.sor ‘in it, 

School of Minos at I'rcihcrt;, was tlu' inost.rfiioHiK-iI tifoiooist 
and mineralogist of lus day. .\ f, ^,.. 1 ,..,; Woiikt ‘ 'oit 
bined quickness of observatiuii aiui a niarvi linus nimiorv with 
the capacity to marshal all tlu. hints that naiim under his „ ’ 

into natural sj.stematic order, and to reprodiire them omii i , 
striking and convimeing to his hearers 
His first oiiguial work, ()r> the Kxlcrnix! ClMrackn of /wuVt 
Idaced him at once in the front rank of living minml, -S ’ 
His fame rose still higher when he began in 1 7 S 0 u 
course of lectures on the science of roek-foinr lions ,1 1 

calM it, ‘Geognosy." ffe derived tt 
tions in Ins teaching of the formations fioin di,, ailniirilH' 
systema ic arrangeflient introduced by the Swedisl u ' 
ogist loberS Bergman. WenieFs cmation of ■ m v f 
rock-formations into an independent academical discio m -wa! 
far-reaching in its effects. 'I’huu'dit.s tint 1 . # '} 

shaping themselves in the minds of a few sciJiu 11 ™!!!?!’^ 
important contributions to knowledge whieli iS ee S 1 ’ 
up, except for the very learned, in the 'J'ransictions nf ! • cc' 

tauirhfh. h'-'" and mastered bT\Vv“na 

b) him with such precision and enli^ditenment 
breiberg became in a few that 

«udy of mineralogy and geognosy " lodeslar for the 

JurL^’iSnot .”i ““ 

in touch as he was with ah the cry year. Kept 

by ,he floating body ofsmd.nj 

(accotdine to Frisdg^iySo).”^ ^hrafin^S afth Seplomljor 1749 
family which had been a^vely e^aled in lhe\Sny“'i “ 
hundred years. His father, wL wl ovcleer nf I r ^ 
iron work, taught him in his bovhootrto rnt haminerc! 

minerals, and after a short periL of reF.denceTalH,"?- ^’e 

if i" ‘he same founZ .ts Ws fm, 

eighteen he visited Freiberg in the course nf o i c i 'er. Al the age of 
of the collections and mining schools “here ^rof.^e l'-^i • ‘he sight 

‘'ihe up the study of minerals and miWr so" "" cnthiLsiastic 
at hreiberg and Idiipzigj ant] jn 1774 pniyi.v],„,iH‘/ Be .studied 
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Weiner knuw the best of the new work that was being done 
elsewhere. From -all parts of Europe students came, and, 
when they returned to their own countries, they spread the 
teaching of gec?gnosy and mineralogy as Winner had taught it 
to them. It was the spoken word of Werner that carried. Of 
written words no man of genius could iiave been more chary. 
His dislike of writing increased as he grew older, till he 
could scarc'dy luing himself tp reply to the most important 
letters. Cuvier relates that the letter which announced to 
Werner that he had been eh'Cted a Foreign IMembei of the 
French Academy was left unojjened hy the Professor and was 
ne.ver answered. 

With the exception of*a number of inineralogical papers, ^nd 
a short classifu'ation and description of the different rock- 
formations, WenuT published only a singlc^^vork on the origin 
of dykes, and a series of very short articles oi# basalt, trap- 
rock, and the origin of volcanoes. Fie never published his 
acadefnical courses of lectures; for an account of these we 
have to turn to notes published by his students, sometimes in 
abridged and sometimes in extended form. Werner had, how- 
ever, more than once to disown these published notes, they 
failed to represent the tiue sense of his lectures. 

The mo.st trustworthy reports of Werner's “ geognosy ” are 
probably tiiose written by Frami: Ambros Reuss in the third 
part of his text-book {Leipzig, 1801-3); by D’Aubisson de 
Voisins in his Trai/e de (Strasburg and Paris, 1819); 

and by Jameson in the Elements of Geognosy (Edinburgh, 1808). 
Werner Iiiiiisclf published only one lecture — ‘introductory to 
Geognosy ”-»-clelivere<f at Dresden. 

Wlrner defined “Geognosy‘s as the “Science which inquires 
into the constitution of the terrestrial body, the disposition of 
fossils {i.e, minerals, cf. p. 15) in the different rock layers, and 
the correlation of the minerals one to another.” In his 
lectures, lie began with a short epitome of mathematical and 
physical geography, and with a discussion of the natural 
agencies which alter the conformation of the globe. < 

Proceeding to the consideration of the earth’s crust, Werner 
described all the varieties of rock and entered in detail into 
their structure, their position, their chronological succession, 
and their technical value as rich or poor metalliferous layers. 
Certain varieties of rock (shale, limestone, trap-rock, porphyry, 
coal, talc, and gypsum) were thought by Werner to have been 
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recurrent groups in the rock-siiccessionj and he Ireatitd them 
as “suites’" or series, characteristic of each surcessivif epoch 
in the earth’s history. Largely fullowis?j; tlu- pretXHleiii 
Bergman, who had distinguished four principal rtick'forouitit'His, 
Werner erected five so-called fonuatioinsuites in his ciirono- 
logical scheme of the rocks : 

5. Voicank rocks^ su!)-divided into true Vi.>lc'anic (lava, 
volcanic sconce and ashys, pepperimr, tuff) and pseudo- 
volcanic rocks (burnt clay, jasper, polishing-Hionr, slag). 

4. 77ie iransforied or derivative 7vcks with the furnialionH 
nagclflue, sand, clay, pebbles, calcareous tufa, bitii- 
minous wood, soapstone, aluminous earth, ct<\ 

§. The Idok rocks with the formations old saiKLtouc, coal, 
old Flotz limestone, the ore-bearing or “ZeehsteisL* 
rocks, bituilinous lignite, ^fuseliclkalk, freestone atui 
chalk, •basalt, pitchmoal, brown-coal, etc. 

2. 77ie transitiofial rocks with the formations clay-slate, 
crystalline schist, greywacke, transitional greeifttonc, 
gypsum and the first organic remains. 

I. T^iie prunitive rocks with the formations granite, gneiss, 
ftiica schist, slate, primitive greenstone and limestone, 
quartzite, hornblende schist, porphyry, serpentine, 
chlorite and talc schist, primitive gypsum, etc. No 
organic fossil remains. 

According to Werner, the primitive rocks originated during 
the first chaotic period of the earth before the existence of 
organic creatures, by chemical crystallisation of rock- material 
from an aqueous solution. In the trans^onal period, the slates 
and shales were held to represent chemical precipitates ; the 
greywackes to have been mechanical deposits. During the 
accumulation of the FWtz series, periods of disturbance 
alternated with periods of quiet deposition ; the waters 
frequently receded from land areas, and again inundated the 
young continents. These varying conditions continued during 
the succeeding epoch of active transportation, and finally gave 
•place to an epoch of violent volcanic outbreaks, the immediate 
cause of which Werner believed to be the ignition of deposits 
of coal in the earth’s crust. 

Werner’s practical l^nowledge of raining methods served him 
in good stead when he came to study the strike and dip and 
relative position of the rocks from a scientific point of view. 
His application of more exact methods in taking field observa^ 
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tions, and liis inlroductiun of a number of new and precise 
terms for slraligraplwcal purposes, marked an advance in tiie 
study of the earth’s crust st'arcely less important than his 
masterly classification of the rocks according to their mineral 
constitution. 

Unfortunateiy, WVrneds field observations were limited to a 
small district, the Ju*/ mountains and the neiglibouring parts 
of Saxony and llohu^nia. Anc!^ his chronological scheme of 
formations was founded upt)n the mode of occuirence of the 
rocks within these narrow confines. To him in that rich 
mining district the minerals seemed ali-important, and the 
occurrence of organic nmniins fell into insignificance. Again, 
he held strong convicUoils Uiat the ores present in veins and 
layers had separated out from supersaturated a<iueous solutions 
of the metals, and he sought to explain in% similar way the 
origin of the massive granitic and schi.stose kiiWs of rock. 
The W'crncrian doctrine was all the mure attractive as it 
scemeifso simple. It tauglu that all the rocks of the crust, 
like the earllfs body itself, had taken origin from a(]ueous 
solutions, either as ('hemical ra as mechanical precipitates, 
while volcanic lavas and scurim represented rock-materfel that 
had been so precipitated but had subsequently been melted 
and ejected. 

Werner was ef|ua!ly nairow in hi.s ideas about the strati- 
graphical relationsliips of the rocks. As a fundamental 
piinciple he held that all varieties of rock had been deposited 
in the same horizontal or tilted positions as they now occupy. 
But strata inclined at mi angle of more than 30*" owed their 
high iocliimtian to locaT disturbances, such as the collapse of 
crustcavities, landslips, etc. Tiicse local inthrows and slips 
exerted little influence upon the connection of the strata as a 
wtiole ; rather, the successive deposits enveloped the earth 
with the uniformity of the integuments of an onion. 

Werner gave little credence to the opinions of Pallas and 
Saussiire regarding tlie elevation of wide continental territories 
and the upheaval of mountain-chains. Like l)e Maillet and 
Buffoo, he ascribed the inequalities of surface conformation 
exclusively to the erosive agency of water, more especially to 
the strong currents created during the retreat of sea-water after 
its periodic inundations of the land. 

Similar!}?, with regatd to the origin of basalt, he came into 
conflict with the results obtained by the leading authoriiics on 
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strong was the personal influence of Wernf?r, that the 
Neptunian doctrine-? whic‘h he inculcated continued to hold 
their place for several decade ‘s— until, in fiicl, three of tlie. 
greatt'st of hR scliolars, D’Auhi'^son do \'oisins, I.copold 
von Jkic'h, and Alexander von liuniboklt, stepped into the 
ranks of the oppoiienls of Neptiinism. 

Leopold vosi Biich was the most ilhistrioiis of the geologists 
taught by Werner, •The later yri tings of Leopold von Ikich, 
published between 1820 and 1S60, arc those on which his 
fame chiefly rests; but from the year 1706 he was actively 
engaged in travel and research, and his earlier writings con- 
tributed in a great degree to establish the sc'ience of geology. 

Leopold von Buch wa? born on the 26th April 1774, at iJie 
Castle of Stolpe in Pomerania, the son of a no!)leman with 
consideratfle property. "While still a boy he displayed a passion- 
ate love of scientific inquiry, and his fondness %dr chemical 
and physical mineralogical studies led him to select the Mining 
AcadAiy of Freiberg for his collegiate course. Wlnle there, 
Alexander von Humboldt and Freiesleben were among his fellow- 
students, and with them he formed close ties of friendship. 
He made his home for nearly three years (1790-9;^ with 
Professor Werner, for whom he entertained the deepest senti- 
ments of reverence and friendship; and these were in no 
way altered when, in after years, some of his opinions began 
to diverge from the teaching of Werner. 

Von ikich made several excursions during his student days 
intd the Erz mountains and Bohemia, and published a paper 
on the neighbourhoocL of Karlsbad. From 1793 to 1796 he 
studied in Halle and Gottingen, and became acquainted with 
Harz, Thuringia, and the Fichtel mountains. In 1796 he 
accepted office in the Mining Department of Silesia, but 
resigned in 1797, in order to devote his entire time and energy 
to travel and research. His stay in Silesia resulted in the 
publication of an important treatise on the mineralogy of the 
neighbourhood of Landeck, and an attempt at a gcognostic 
description of Silesia. He spent the wunter of 1797 in Salzburg, < 
together with his friend Alexander von Humboldt, and in the 
following spring set out on his first journey through the Alps 
to Italy. He visited the Eiiganean Isles and the district of 
Vicenza, and stayed for some time at Rome, making frequent 
excursions into the Albanian mountains. He then spent 
five months at Naples, and devoted a large part of his time 
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to Vesuvius. Although during these iruvels he liegjii to 
entertain serious doubts about the e(!nn'cTnef*s of W'ti'oi'r's 
theory of the origin of lasall, he rtnhil not ronv:n<‘e himself 
that it was untenable. ^ 

After a visit to Paris, \'on lUieh returned to lleiliii in 179^1, 
and was there comnii.ssiuned to investigate tin* oeniru'nee of 
mineral contents in Canton Neuchalel, wldrli at that lime was 
under Prussian government. ^ Neuchatei, from \Udeli reruly 
access was afforded into the Jura mountains and into the Alps, 
now became his headtiuarlers. Every observatif>n was care- 
fully entered in his maps, and a mimbei of scieiilihr papers 
flowed from his ready an<l graceful pen. 

^ visit to Auvergne in 1H02, and :T study of iha basalt and 
trachyte in that area, still furtlier shattered Von Huedds faith in 
Neptunian (loctriiHs. In 1805 he was again at Naples, ami in 
the companf^of Alexander von Humboldt and (lay Lussac h«* 
had the good fortune to witness W.siivius in active eriiplion. 

liaving explored the most intenjsting parts in Sdtjthern 
Europe, Von Huch then travelled for two years, 1806-8, in 
Scandinavia and Lapland. The published account of his 
travelfsf Through Norway and Lapland^ established his fame 
as a gifted writer and an acute observer. Little had hitherto 
been known about the climatology and geology of these high 
European latitudes, and Von Buch contributed data of far- 
reaching signilicance. For example, he pointed out that 
although the rocks in these regions follow the same general 
scheme of succession as Werner had drawn up, the granite 
could by no means be regarded as th^oldest rock-formation, 
since he had observed it near Christiania in a iiosition akwe 
the Transitional Limestone. Again, he showed on mineral- 
ogical evidence that many of the erratic blocks scattered over 
the North German plains must have come from Scandinavia. 

Von Buch also examined the raised beaches and terraces of 
Scandinavia, and came to the conclusion that the Swedish 
coast was slowly rising above the level of the sea. In this lie 
• agreed with the opinion that had been formed by Playfair with 
regard to the raised beaches of Scotland. On the othcT hand, 
Linnseus and Celsius had attributed the fluctuations on the 
Scandinavian coasts to a sinking of the water-level roiiiHl the 
shores. 

In 1809 Von Buch was chieOy engaged in mineralogical 
and geological researches in the Alps. Meanwhile, gnxit 
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interest bad been roused throughout Europe by the results of 
Von Humboldt’s brilliant volcanic studies in ('entral and 
South America, and Von Ihich determined to make a special 
study of some tolca^ic di.Ntiict, 

Accompanied by Ihe Ihigli.sh Ijotanist, Charles Smith, he 
visited the Canary Isles, and in 1815 convinced liimself that 
they had been the centre of intense volcanic activity. In his 
famous monograph,^ I^liysical Descrlpiion of ihe Canary 
Jslands, published in 1825, he enunciated his hypothesis of 
upheaval craters, and distinguished between “centres” and 
“ bands ” of volcanic action. In 1S17 he tiavelled to Scotland 
and visited vStaffa and the ( bands Causeway. When he again 
retmned to the Alps, he®ren(ninced the Werneiian do('triiH‘:^of 
the origin of basalt and C)ther volcanic' locks, and asciihed the 
upheaval of tlic Alps to the intmsion of ignemis locks. About 
this time he went to Imssa Valley in South Tyrol, tind there he 
formed a curious voh'anic theory in explanation of the dolo- 
mitisa^ion of the rocks in that district. 

Tn 1S32 Von Biich edited a geological map of Geimany, and 
this magnificent woik had already run through five editions in 
1 8 4.3, The last twenty yeais of his life were for the m«st part 
devoted to paleontological studies, and we owe to this period 
a valuable series of papeis on Cephalopods, Brachio}>ocls, 
and Cystoidsj also a comprehensive treatise on the Jurassic 
formation in Ceimany, which has been the basis for all 
future work on this subject. Some part of every year, 
however, was spent by \"on Buch in travelling. He often 
went to the Alps, and he regularly attended the Scientific 
Congresses. ^ Ivlost of^iis Alpine journeys were accomplished 
on foot. Clad in short breeches, black stockings, and buckled 
shoes, the pockets of his black coat stuffed with note-books, 
maps, and geological tools, his tall, imposing figure was bound 
to command attention. His travelling luggage was limited to 
a fresh shirt and a pair of silk stockings. His physical en- 
durance was only surpassed by his ii on determination, which 
could oveicome all difficulties and discomforts. Socially, he c 
was everywhere beloved ; his aristocratic bearing, his mastery 
of foreign languages, his wide knowledge of science and 
literature, — all combined to make him one of the most agree- 
able companions. Piis independent means placed him in a 
position of imiisual influence. On the one side he enjoyed 
the friendship and intimacy of his scientific colleagues, and on 
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the Other he moved in the first social circle in llerlin. 
still live who can bear cnthusiahlic persuim! tcstiiuoiiy to ih^* 
noble way in which Von Biich exerted this foi tii“ 

benefit of science. After a short il!ne>s^fie ditid in Berlin on 
the 4th March, 1852. 

Leopold von Bmii was ri<;htly rei'ankfd as the i^realcKt 
geologist of his time. He had stiidieil in t‘Vciy ilonciiti of 
geology; he was familiar with a larger paii of luirope. \\1icr- 
ever he went, he willingly and fretrly comnumicaitcd his own 
knowledge to others, and ever rejoiced to be alilc to ahsist by 
his money or his influence any one in wl'iom he dcicdcd a 
true devotion to science. At tbtf same time lie Imr! litlh* 
paiicnee with men of mt‘diocre ability, and was very sc*veie 
towards importunity of any kind. I lis ridicailc was fearcil as 
much as his prais§was valued. He was an acute thinkt‘r »iik1 
wonderful c^server, and possc'ssed in a higli dt'grce the rare 
gift of clear and elegant exposition. 

A complete edition of his works was published afftT his 
death at Berlin (iSby-yy). 

Alexander von Humboldt, the friend and fellow^student of 
Von Blich, although less illustrious as a geologist, had a more 
versatile and philosophical turn of mind Like Von Buch, 
Humboldt belonged to an old aristocratic family. He was 
born in Berlin in 1 769, studied at first in (USttingen, afterwards 
in 1791-92 with Werner at Freiberg. On the completion of 
his studies he was made Director of ISIines, and moved fron^ 
Bayreuth and Ansbach to Steben in the Fichte! mountains. 
Several papers written by him during this period on *‘Tho 
Magnetic Properties of Serpentine and other Pocis,” attracted 
the attention of mineralogists. In 1793 he visited the salt 
mines in the Sakkammergut and Galicia, but in 1796 he 
resigned his Government appointment, to follow out inde- 
pendent lines of research. During the winter of 1797-98, when 
he and Von Buch lived together in Salzburg, he made a series 
of observations on meteorology and earth magnetism, and 
* took barometric and trigonometric measurements of height 

In a treatise published in 1799, Von Humboldt endeavoured 
to explain the tropical climate of earlier geological periods by 

combination of the Laplace theory of heat with WernePs 
views regarding the precipitation of the primitive rock 
materials from aqueous solutions. And although his treatise 
is almost forgotten in science, it contains a number of sug- 
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gestive ideas which were not without their influence in directing 
subsequent investigation to the causes of great climatological 
vaiiations. 

Humboldt, \fho \*\as in possession of huge private means, 
now began to make airangements for a tew yeais of travel on a 
large scale, and went in May 1798 to Pans. In June 1799, 
accompanied by the botanist Aime Donpiand, he set out for 
Cential and South America. 

The expedition was undeitaten primarily to obtain more 
knowledge of the physical geograiihy and botany of tropical 
regions, but Humboldt at the same time devoted a large share 
of attention to the volcanoes, earthc^uakes, and geological struc- 
ture of the New Contiifent He said that one of the cl^ef 
motives of his journey was to test a hypothesis which he had 
formed — that the older strata composing %iountaia-sy.stems 
had a paiallel strike. It had struck him during his stay in 
the Fichtel mountains that the older members in the rock- 
succession showed always a N.E.-S.W. strike; and he found 
the same general strike in the Erz mountains, the Salzburg 
Alps, and the slate” mountains of the Rhine. He had 
therefore concluded that all the older rock-formations ^f the 
earth strike in N.E.-S.W. direction, and cross the meridians at 
a constant angle of about 52*". 

His observations in Columbia and in the coastal ranges of 
the Gulf of Mexico led to the same result, and from this agree- 
ment he drew the general principle that the strike of the older 
strata was quite independent of the geographical trend of 
mountain-systems, and^’as regulated by a force which took its 
origin in then original laws of attraction governing terrestrial 
matter. This principle has, however, proved quite untenable, 
and is at the present day completely forgotten. 

After a short stay in Teneriffe, Humboldt landed at Vene- 
zuela, and in November 1799 for the fust time witnessed an 
earthquake at Cumana. He made a detailed study of 
Venezuela, then spent some time in the Orinoco district, and 
was in Cuba from December 1800 until March 1801. After- 
wards he proceeded to New Granada, Peru, and Ecuador, 
where he remained until 1803, then worked for a year in 
Central America. In the summer of 1804 he returned by 
Havana and North America to Paris. There he became at 
once absorbed in physical and chemical studies, conducted 
along with Biot, Gay Lussac, and Arago, and he also coni- 

5 
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expenses in (Hmneclit^n witli it .swalhnveil up the u inainder i>f 
Von Humboldts means, in the sprini^ 1805 he \i:dted 
Italy, and with his friends, (kiy Lushuc and Lrupok! vun 
Buch, saw an eruption of Vcsiivius, , 

Humboldt’s best contributions to ^ecdogy were Ins investiga- 
tion of volcanoes and eart!H|imkes, and tine tamd generalisations 
which he drew’ regarding volcanic aditm. Ih? coiichuletl 
his description of American volcanoes with a re\iew of all 
tlie volcanic phenomena known to^have irai^spired on the 
face of the earth, and tried to demomstrate, from a large number 
of observations, tlfht the subterranean centres of volcanic aciiois 
are in direfl: communication with one another. He plactcd 
great importance upon the connection of volcanc^cs and earth- 
quakes on the coasts of the Gulf of Mexico and in the Antilles, 
where subterranean disturbances were felt almost simultaneously 
over a district several thousand square miles in extent Hum- 
boldtf account of the catastrophe in the year 1759, W’hich gave 
birth to the Jorulla and five other mountains, and covered an 
area of four square miles with a mass of lava, sand, and slag 
five hundred feet high, still ranks as one of the most note- 
worthy contributions in the whole literature of volcanoes. 

Widespread interest in scientific circles was also attracted by 
Humboldt’s demonstration of an eruptive fissure one hundred 
and fifty miles from east to west acros§*Central America, upon 
which stand the volcanic cones of Tuxtla, Or^eaba, Puebla, 
Toluca, Tancitaro, and Colima. 

Through the generosity of the King of Prussia, Humboldt 
w^as enabled to devote his energies to science. During nearly 
twenty years’ residence in Paris (1808-27) he published the 
series of papers which form the groundwork of his Fiaos of 
Nature^ and also a special geological work entitled Gsogmsik 
"" Essay on the Trend of the Rocks in the Two Ifemis^keres Paris, 
1822), This work practically marked the conckmion of llum- 
boldt’s literary activity in geology. Upon his return to his 
native city of Berlin in 1827, Humboldt embarked upon his 
gigantic plan of producing a physical description of the world* 
Twenty years passed before this plan was realised and his 
famous work, The Cosmos^ appeared. While the work was in 
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progress Humboldt led an active life in other directions. In 
1827-28 he gave lectures on geography in the University and 
the Singing Acadenjy. In [829, accompanied by (lustav Rose 
and Ehienbcrg, he travelled Unough Asiatic Russia, the Ural 
mountains, and Siberia to the Altai mountains. The mincral- 
ogical and geological results of this journey were published in an 
independent woik by 1 lumboldt, and in several papers by Rose.^ 

Alexander von Humboldt died at Berlin 011 the 6th May 
1859, in his ninetieth year. 

Although many of the geological ideas of the great German 
scientist were not destined to endure, it is impossible to over- 
rate the value to geographical and geological science of the 
precedents which he created, and the wide horizons whicllPhc 
disclosed. 

What Buffon and Cuvier accomplished France in attract- 
ing the ardent desires of young adherents to tTie studies of 
natural science, was accomplished for Germany, after the death 
of WSrner, by the powerful personalities of Leopold von Buch 
and Alexander von Flumboldt 

It is interesting to note that Germany’s greatest poet, Wolf- 
gang von Goethe, was one of those who came uii&er the 
inspiring influence of Werner. Throughout his long life 
Goethe never lost his interest in mineralogy and geognosy. 
He wrote several papers on the more popular topics of 
geognosy, and carried out some detailed researches in the 
neighbourhood of Karlsbad, Franzensbad, and the Fichtel 
mountains. While he never could, as a loyal pupil of Werner, 
look kindly upon thenprinciples of the Plutonists, his critical 
mind clearly»realised that the theories of extreme Neptunists 
were untenable. In his Geological Problems he expressed his 
disappointment over the absurd contradictions betrayed in the 
opposing theories, but arrived at no personal decision in favour 
of either party. Goethe’s geological writings were without 
significance in the progress of the science. 

IfuUon^ Playfair^ a^id JIalL — At a time when Werner was'* 
in the zenith of his fame, during those seventies and eighties 
of the eighteenth century when young geologists were flocking 
to hear the wisdom from the lips of the prophet of geognosy in 
Freiberg, a private gentleman, living quietly in Edinburgh, was 
deliberating and writing a work on the earth’s surface that will 
live for ever in the annals of geology as one of its noblest classics. 
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James Hutton, the author of the famous 77 kwy fir £ai 
was the son of a merchant, and was bom in Itdinhiirgli on 
3rd June 1726. He reeeivt‘tl an e.\c:dlrnt t^din’atioii al, the 
High School and I'niverdty <>f his iiatK'e eify. IIin 
bent for ('hemit'al S(*ience imiured him to .srI*** I UHulieim; a 
profession, lie studied at luiinlmrglu F.uis, and Leydeii, and 
took his dt‘gree at Leydeit In return Jo 

Scotland he did not follow ojit his im^fession. Having iin 
herited an estate in Herwickshin* from his father, he went to 
reside there, and interested himself in agriciiliiire and in 
chemical and geological pursuits. The suee'os «)f an indiislrial 
undertaking in which he had a shart' affi>riled him ample 
m«ans, and in 1768 he ndireil to Euiuhurgh, w!u*re he lived 
with his three sisters. He actively engaged in scieiidfie inf|uiry, 
and enjoyed the Cultured social intenxairse open to him in 
Edinburgh. ^ The literary fiuils of his life in the ('ounlry 
include several papers on meteorology and agriculture, atul a 
large philosophical work. * 

From his early days he had always taken a delight in study- 
ing the surface forms and rocks of the earth’s crust, and had 
lost opportunity of extending his geological knowledge 
during frequent journeys in Scotland, England, in Northern 
France, and the Netherlands. On his tours into the neiglo 
bourhood of Edinburgh he was often accompanied by his 
friends, who realised the originality of many of Hutton’s views 
on geological subjects, and begged him to put them into 
writing. At last Hutton set himself to the work of shaping 
his ideas into a coherent, comprehensive form, and in 1785 
read his paper on the “Theory of the Earth” befere the Royal 
Society of Edinburgh. Three years later it was published in 
the Transactions, 

The publication of the work attracted little favourable notice. 
This may have been due partly to the title, which was the 
same as that of so many valueless publications, and partly to 
the involved, unattractive style of writing ; in larger measure, 
however, it was due to the fact that the learning of tlie schools 
had no part in Hutton’s work. Hutton’s thoughts had been 
borne in upon him direct from nature; for the best part of his 
life he had conned them, tossed them in his mind, tested thmii, 
and sought repeated conlirmation in nature before he had even 
begun to fix them in written words, or cared to think of any- 
thing but his own enjoyment of them. 
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Hutton’s work was projected upon a plane half a century 
beyond the rccogifisod geology of his own time. Hutton’s 
audience of geologi^sts had to grow up under other influences 
than polemical*disci!ssions between Ncptunists and Piutonists, 
and had to learn from Hutton himself how to tap the fountain 
of science at its living source. 

In 1793 a Dublin mineralogist, Kirwan, attacked Hutton’s 
work in ignoble terms, and the «grcat Scotsman, now advanced 
in years, resolutely determined to revise his work and do his 
best by it. Valuable additions were made, and the subject- 
matter brought under more skilful treatment In 1795 
revised work appeared Edinburgh, in independent form and 
in two volumes. It was his last effort. Hutton died in 17^97 
from an internal disease which had overshadowed the closing 
years of his life. ^ ^ 

The original treatise of Hutton is divided into four parts. 
The first two parts discuss the origin of rocks. The earth 
is described as a Arm body, enveloped in a mantle of water 
and atmosphere, and which has been exposed during im- 
measurable periods of time to constant change in its surface 
conformation. The events of past geologic ages can be most 
satisfactorily predicted from a careful examination of present 
conditions and processes. The earth’s crust, as far as it is 
open to our investigation, is largely composed of sandstones, 
clays, pebble deposits, and limestones that have accumulated 
on the bed of the ocean. The limestones represent the 
aggregated shells and remains of marine organisms, while the 
other deposits represei^ fragmental material transported from 
the continents. In addition to these sedimentary deposits oi 
secondary origin there are primary rocks, such as granite and 
porphyry, which, as a rule, underlie the aqueous deposits. 

In earlier periods the earth presented the aspect of an 
immense ocean, surmounted here and there by islands and 
continents of primary rock. There must have been some 
powerful agency that converted the loose deposits into solid 
rock, and elevated the consolidated sediments above the 
level of the sea to form new islands and continents. 

According to Hutton, this agency could only have been 
heat ; it could not have been \\ater, since the cement 
material (cjuartz, felspar, fluorine, etc.) of many sedimentary 
rocks is not readily soluble in water, and could scarcely have 
been provided by water. On the other hand, most solid rocks 
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are intermingled with jsiiircoiis, hitiiminuu^, or otlur material 
which may be melted under the infltimme i>f lira!, 'Fhii 
suggested to niittoa his tho??ry llait at .'gentain depth the 
sedimentary deposits arc melted by the he^if to (usieli they are 
subjected, but that the tiemeiidous Wi-ighi ul tli«‘ 
incumbent water causes the mineral flemenls to ronsoIulUc 
once more into coherent rock-masscs* He a|)piied liiis theory 
of the melting and subsec|uent ^ consolidate m of rutkuiialeiial 
universally, to all pelagic and terrestrial sedimenis* 

In the tliird part it is shown that the presmii land-areas of 
the globe are composed of rock‘Hlrata winch havtt fain>oliil,iii*d 
during past ages in the bed Of the ocean. 11iese arc said to 
ha'^ been pushed upward by the expansive force of heap 
while the strata have la-en bent and tilled clming the 
upheaval l|,utton next <leM*rihes the ucf airrenre of cniiste 
fissures both during the ('onsolidatiun of the rock and during 
the elevation of large areas, and the su!».sc<|uent inrudi of 
molten rock or mineral ores into tlie fissures. He n^gards 
volcanoes as safety-valves during upheaval, winch by affording 
exit at ^he surface for the molten rock-magma and superheated 
vapours prevent the expansive forces from raising the con- 
tinents too fan 

The evidences of volcanic eruption in the older geological 
epochs are next discussed. Hutton expresses the opinion 
that during the earlier eruptions the molten ruck* material 
spread out between the accumulated sediments or filled crust- 
fissures, but did not actually escape at the surface; con- 
sequently, that the older rock-magmas ^ad solidificMl at great 
depths in the crust and under enormous *»prcssiire i»f 
superincumbent rocks. He calls the older eruptive rocks 
^^subterraneous lavas , and includes amongst tliem fiorpliyry 
and the whinstones (eq. trap-rock, greenstone, basalt, warkc, 
amygdaloidal rocks) ; granite was also added in a later treatise. 
Hutton points out that the subterraneous lavas have a 
^ crystalline structure, whereas those that solidify at tise 
surface have a slaggy or vesicular strucltire. 

In the fourth part, Hutton concentrates attention on the 
pre-exjstence of older continents and islands from which the 
materials composing more recent land art^as must have 
derived. ^ He likewise discusses the evidences of pre-existing 
pelagic, littoral, and terrestrial faunas from which existing 
faunas must have sprung. But, he continues, the existence of 
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ancient faunas assiunes an abundant vegetation, and direct 
evidence of extinct iloras is presented in the coal and 
bituminous deposits of the Carboniferous and otlier epochs. 
Other evidence^ is afrbrded in the silicified trunks of trees that 
occasionally are found in marine deposits, and have cleaiiy 
been swept into the sea from adjacent lands. 

Hutton thcri sets forth, in passages that have become classic 
in geological science.^the slow processes of the subaerial denuda- 
tion of land-surfaces. He describes the effects of atmospheric 
weathering, of chemical decomposition of the rocks, of their 
demolition by various causes, and the constant attrition of the 
soil by the chemical and mechanical action of water. He 
elucidates with convinchig clearness the deslriiHivc physigil, 
chemical, and mechanical agencies that effect the dissolution 
of rocks, the work of running water in tra#sporting the worn 
material from the land to the ocean, the steady ;»jbsidencc of 
coarser and finer detritus that goes on in seas and oceans, lakes 
and rh’crs, and the slow accumulation of the deposits to form 
rock-strata, Hutton impresses upon his readers the vastness 
of the geological mons necessary for the completion of any 
such cycle of destruction and construction. In pi oof m( this, 
he calls attention to the comparative insignificance of any 
changes that have taken place in the suiface conformation of 
the globe within historic time. 

Hutton was thus the great founder of physical and dynamical 
geology; he for the first time established the essential correla- 
tion in the processes of denudation and deposition; he showed 
liow, in proportion an old continent is worn away, the 
materials fa« a new continent aie being provided, how the 
deposits rise anew from the bed of the ocean, and another land 
replaces the old in the eternal economy of nature. The out- 
come of Hutton’s argument is expiessed in his words that we 
find no vestige of a beginning, — no prospect of an end.” 

When we compare llutton’s theory of the earth’s structure 
with that of Werner and other contemporary or older writers, 
the great feature which clistinguislies it and marks its superiority - 
is the stiict inductive method applied throiigliout. Every 
conclusion is based upon observed data that arc carefully 
enumerated, no supernatural or unknown forces are resorted to, 
and the events and changes of past epochs arc explained from 
analogy with the phenomena of the present age. 

The undeveloped state of physics and chemistry in the time 
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of Hutton certainly gave rise to sevti'al errors in c'oniieclion 
with the origin of minerals and rocks. ^ Xo gu^logist now 
would agree with the principle that heat has hartli ncil and 
partially all sedimentary rocks, and just^a^ liltlc would 

he ascribe to heat the origin of Hint, agate, silitaficd wikkI, tie. 
On the other hand, the ie<'ognised hypothesis of regional 
metamorpliisni of the rry.stalliiui schists is an vMvmhn of 
Hutton’s conception of the action of heat and pri‘SMire upon 
rocks. 

Hutton was the first to demonstrate the ronnerliim of 
eruptive veins and dykes with deeper seated eruptive masses of 
granite, and the first to point out the ditferenevs of slnictiue 
between superficial lavas and molten rbek sulidihed untler great 
pressure. In assuming that granite represents riK’k ronsoli* 
dated from a moltf^n magma, Hutton laid the foundation of the 
doctrines of^^Mutonism as opposed to those of Neptunism. 

Again, no one before Hutton had chnnonstrated so effeciivi'ly 
and conclusively that geology had to reckon with immeamiratdy 
long epochs, and that natural forces which may appear small 
can, if they act during bng periods of time, produce effects 
just as^^great as those that result from sudden catastrophes of 
short duration. 

Hutton’s explanation of the uprising of continents, owing to 
the expansive force of the subterranean heat, was not altogetlicr 
new, nor was it satisfactory. Neither had Hutton any clear 
conception of the significance of fossils as affording evidence 
of a gradual evolution in creation. Yet in spite of these dis- 
advantages, Hutton’s Theory of i he Earth is one of the master- 
pieces in the history of geology. jMany of his idoas have been 
adopted and extended by later geologists, more particularly by 
Charles Lyell, and form the very groundwork of modem 
geology. Hutton’s genius first gave to geology tire conception 
of calm, inexorable nature working little by little— by the rain- 
drop, by the stream, by insidious decay, by slow waste, by tlie 
life and^ death of all organised creatures,— and eventually 
^ accomplishing surface transformations on a scale more gigantic 
than was ever imagined in the philosophy of the ancients or 
the learning of the bchools. And it is not too much to say 
that the Huttonian principle of the value of small iiirrements 
of change has had a beneficial, suggestive, and far-reaching 
influence not only on geology but on all the natural sciences. 
The generation after Hutton applied it to pateontology, and 
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thus paved the way for Darwins still broader, biological con- 
ceptions upon the ?rame basis. 

Hutton’s scieniifjc spirit and genial personality won for him 
many fritaids ^uid adherents amoiigst the niemhers of the 
IMinI)iirgh acadi?niy. The most distinguished of these were 
Sir James Hall and the mathematirian John llayfair. 
Hall {1762-1831) contested the validity of the fJpinion held by 
some of IhilUm's c4)ponents, Jhat the melting of crystalline 
rocks would only ykild amorphous glassy" masses. Hall 
followed exptTinicntal nietlu)ds; he selected <]ifferent varieties 
of ancient basalt and lavas from \’esu vius and Ihna, reducc'd 
them to a molten state, and allowi'd them to ('ool At first lie 
arrived only at negativtf results, as vitreous masses were |«fo- 
duced; but he then retarded the process of cooling, and 
actually succeeded in obtaining solid, eryslfftline rock-material 
No. 38, i8oo). by regiilafing the tem- 
perature and tlie time allowed for the cooling and consolidation, 
Hall 1 ?ouk] produc'e nn'ks varying from finely to coaisely 
crystalline structure. And he therefore proved that under 
certain conditions crystalline rxx'k coald, as Hutton had .said, 
be produced by the <‘ooling of molten roek-iiiagma. IhTll then 
put to the test Hutton's further h\pt)thesis, that limestone also 
was melted aiul iC'Crystallised in nature. To this hypothesis 
the objection had been made that the cari>onic acicrgas must 
escape if limestone were brought to a glowing heat, and the 
material would be converted into ttuickiime. This was Halfs 
lirst experience; then he devi.sed another experiment. He 
introduced chalk or powdered limestone into porcelain tubes 
or barrels, sealed them, and brought them to a very high 
temperature, llie carbon dioxide gas could not escape under 
these conditions. ITe calcareous material was thus subjected 
to the enormous pressure of the imprisoned air, and carbonic 
acid was converted under this pressure into a granular substance 
resembling marble. Hal! calculated from a series of successful 
experiments that a pressure eriuivalent to fifty-two atmospheres, 
or to a depth of sea- water 1,700 feet belo^v sea-level, was neces- ^ 
sary for the production of solid limestone, 3000 feet of depth for 
that of marble, and 5,700 feet of deptli in order to reduce 
carbonate of lime to a molten state. 

These results were afterwards confirmed l)y other experi- 
mentalists. Thus Werneris theory that crystalline rock repre- 
sented in all cases a precipitate from water was shown to be 
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inade(|iuilc, and it was inconiusUthly prtWt'd llial 

rock might originate from molten rui'k when slowly roolrd 

under pressure. 

Hall also condiuTed experiments on lluHirntring aiul folding 
of rocks. lie spread out alOwnate hori/tmUd lajitrs of r'hilli 
and day, placed a weight upon theni, and siihjefl,cd llu'iii to 
strong lateral pressure. Thixse and similar i‘xpenni« iits haut 
been often repeated within repent ycais^rami it is well kmnui 
that in this way phenomena of deftninalioii ran be artilieially 
produced which bear the closest reseinblanc’e to the plKiuminui 
of rock'deformation under natural conditioJts. 

Hall, in his desire to vindicate ijuttoids thrury, bccann* 
hifuself one of the great founders of experimental geology. 
At the same time, John riayfulrd whose interest m geology 
had been rousetTby Huttoids companionship, Iwcaine the 
enthusiastic exponent of IIultoiYs tlujory. 

It was Playfairs literary skill tluit opened the eyes of scien- 
tific men to the heritage Hutton had left for thmii. Me did 
for Hutton’s teaching what fifty years after was iiiiUe for 
Darwin’s doctrines by the giftcci Hu\U*y. The l>iillianl ex- 
ponenf and successful combatant, nc? less than tht‘ ditp 
student and enlightened thinker, is required to establidi a new 
system of thought, for such a system is always hound to be iii a 
measure reactionary to older doctrines that have received tin: 
stamp of usage and authority. 

Playfair’s lilustralion of i he Iluitonian Ihcory (i8oa) i.s a 
lucid exposition of that theory in the form of twenty-six ample 
discussive notes. Playfair’s rvork differ;*? in no essential pcjiiit 
from the views held by his master and frieiKl, but many 
subjects which receive a subordinate tnxUment in the Timnj 
of the Earth are brought into prominence by PI tyfair, and 
placed for the first time on a firm scientific basis. 

Among the subjects fully discussed are the uprise and 
bending of strata, the origin of crystalline rocks at low 

^ John Playfair, bmn 174S, in Reivie, i'otfardiiie, son of a inini^tvr, 
shovvedpn. his eaily yeais 'a remaikaUlc ucniiK f*»r inallunnalirv He 
studied in Aberdeen an<i Edinburgh, in 1773 became miidsfer In Ilervie, 
in 1785 Professor of Mathematics in the Hnivrtsify of Filinliiirglu nut! 
twenty years after Professor of I’hilasojihy In the IJniver'^ity. Lc<! 
by Hutton into the study of geology, he <fevor«‘d liis holitl.qN to 
tours throughout Great Biitain and Ireland, and m 1815 and iSi6 made 
longer tours to Auvergne, Switsierland, and Italy; he died in 1819 In 
Edinburgh. 
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huiizons of llicciu.-t and un<l'-r wiy i^u^at pn*sMirc, and Ihu 
orruircnca^ of as <I}kcs \n MaituH ihiti-h h^aililics. 

Ills ol vaKt,'y asal lake is evtreinely ai)k‘. 

And PLi}laii wd* tlu’j'nsl whu rralistal that f/ie 

f77v7//r Ah Av m’A ■'* a A / 7 / /n f/jtir /^/t sent /vw 7 Aw iy 

J(?rmcr y/nri'ns'. I !i.s in-i^hl in lids Wi)uld alniic have 

won for him a lastiiy^ iamr*, for tha t natins on Alpine .s]o[)cs 
and plains had loni** b«‘en oh,-j.nvd by fAists and an 
explanation vainly Playfair aitfO studu**! the raised 

beaches on the coastline rd' Neotland, and n^ehtly ctaieluded 
tiial they ahbided e\:deneo ol an actual t:[ni.S(‘ of the land, in 
op[)Osition to that \ic’AS ‘»r Lmiuett^ anti (‘eKius, who had 
explainetl a, similar ^enos tsi phenouu'tta in Sw<‘den as a resuJit 
of lluM'cti eat of the oetan, i‘Ia\iair eave the first eompletc 
account of thce\aleners of oscillations of lR\l in European 
lands. ^ * 

Playfaifs style is a mod.i‘1 td' eh ainess and piecision, and 
his argflnienls aie aheos tlunon^ahly loeiral, and in agreement 
with physieal laws, lit » ! IjtinfdiVi '1 /.x. ny was translated into 
Frem'h h\ ( \ A. ilassil in 

77itvn\'s (i tie Hd/tj:S Ch\y/d /7</’''v,/ A* /te //a, /V fa 
MHhcric, Ib t A.bX’, Kant, Kr/'.a.e, adif at/iers , — Altiiougli 
Hutton had enunciated his iheoiy of the earth without 
introducing any personal clement, it was a foiegtme conclusion 
that a doctrine w'hic'n iintierniined the whole foundation of 
Weineds Neptunian leaf hing, wais bound to meet whth adverse 
ciiticism. IMenlion Ih^ aheady been made of the attacks 
made by Kifwan, j’r<fles,sor of Mineralogy in Dublin {Giv- 
/ci, 7 b?/ Ksstiys, ijooh Hi?> arguments are based upon 
chemical and phvsieai objections to liutlunks theory, and 
cuindnaie in a bitter denunciation of a theory inimical to 
religion, and at vaiiance \sii!i the Abssuk* ac<‘ounl, inasmuch 
as it demanded immeasuuible epociis in jilace of the biblical 
chronology, and even clenii'd the univtasal deluge, to wiiich 
Kiiwan nuunly ascribed llu' picscni configuration of tlie earth. 

Another antagonist td Hutton's thc^ny was the veisatilc 
Jean Andre dc I ana a (lencwsc by birth, who came into 
public notice dining the ptilitical stiuggles in (hmeva in the 
middle ol the Iasi eenimy, ami afterwards attained to a 
favoured position in the coin I of <duccn Charlotte of England. 
De Luc wrote on all manner of scientific subjects, and his 
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great desire was to bring the fiicts of sritiire into rnm|ilele 
and unquestionable liannnny with the wurll.s rjf Ibily Writ 

A special interest is atta<’hcd to I Jaic’s /yf/rrs e// stmc 
farfs of S^viizerhtnti^ which were oripnally addressed to 
Queen Charlotte, and weie afterwards pulilished in 177^, In 
the preface to these letters he proposes the term ih’oioxy 
the most suitable for a scientific study purporting to deal with 
the history of the earth. The^prefac'c isnvritten in hombasiu: 
style, announcing that a new outline of cosmology anti geology 
would be enunciated by the writer, llie Lriiers llniiisclvcs 
contain little that could be suppttsed to bear out the higl'i 
promises of the preface, but a year later Qe laicAs llu'ory 
ap|>eared in a work of five volumes, eniiiled IVivsiVtii 
Moral Letters on£ic Iltstorv of the Kartk amf of Mmh I1ic 
moral discojjyrses are comprised in the first part of the weak. 
Then the scientific letters begin witli a resamt of the theories 
of the earth’s origin constructed by Burnet, Whiston, Wkiotb 
ward, Leibnitz, Scheuchzcr, and others, all of which are found 
erroneous and set aside by De Luc. He then descrilies his 
iravels^in different parts of Europe, and records any geological 
observations he had made. 

He states his reasons for disbelieving in the enormous 
erosive activity \rhich contemporaneous writers uscrilicd to 
water. And he strongly expresses himself in favour of the 
eruptive origin of basalt, as against the ideas held by W erner’s 
school The fifth volume is that in which De Luc unfolds his 
own theory. He distinguishes primordial mouHiaias — com- 
posed of rocks of unknown origin, srxh as granite, schist, 
serpentine, quartzite— from secondary inoi/nfainsfcomposad of 
stratified deposits containing fossils, and clearly of aqueous 
origin. As there are terrestrial plants and animals among the 
fossils of the secondary mountains/' De Luc supposes that, 
although the ocean must have originally covered the earth’s 
surface, there must have been land areas at the time wlien the 
^ strata of the '' secondary mountains’' were depo.sitcil The 
floor of this restricted ocean was, he said, formed by the 

primordial mountains,” but in the heart of these mountains 
there were cavities of irregular shape disposed tier upon tier 
above one another, so that the firm rock merely formed a 
scaffolding. Owing to subterranean fire or any other disturbing 
cause, it sometimes happened that the rock pillars in these 
hollow areas gave way, and crustdnthrows ensued. The 
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increasing weight of the deposits, which were accumulating on 
the occan*flo(#r, as weli as the prt'ssurc caused !>y the repeated 
misl-inthrous, at last <'ans<-d the collapse of iht; lower tiers, 
The seU'WaU r fUj^hiT] in to fill the depressed areas, and the 
level of the ueean saiik. Hjis \sas <*alled the fust revolution 
in I)e Luc's se<|nence of rtealive iwents. As the ocean sank, 
the presisit ccHiiinents and islands njade their appearance ; 
plant stieds from the old contiiieni=; were washed on the 
strands of the taiierging lands, and soon a rich vegetation 
appeared. Tlut fauna <jf the priniilivc ocean and lands in 
some casi's left deseendants to people the new oceans and 
lands, in other casits bi*caiue cxtiiiet. 

Hie bones of the large tropical mammalui found in the 
superficial strata of nortluan areas in the present continents 
were belicvetl by Iht Lue to be the iransf;orted remains of 
extinct fta-ms that had inhabited the older confinents. Ac- 
cording to i>e Luc, all known f.uas led to the conclusion that 
tlie neW conliticnls, and generally the present configuration of 
the earth, lame into existence not more than 4000 years 
ago. 

Four letters protesting against both fiutton and Playfaft were 
reprinted in a diffuse work by De Liu', entitled Ekmeniary 
2 'n'aiisc of ( 7 ev/e^>r. A large number of papers were con- 
tributed to joiirnais by Ik; Luc; hut although he was a man 
who was held in high respect and favour during his lifetime, 
his papers have no permanent place in literature, and his 
attacks on tlie great Scottish geologists were absolutely without 
efTcct ^ 

like I)c Imc, the Parisian mineralogist and physician, De 
la Metherie, enjoyed considerable popularity among his coiv 
temporaries. Idis chief work, published at Pari.s in 1791, bore 
again the title TMwie do h Tonr. De la IMetherie’s work was 
founded for the most part on Werner’s teaching. I^Iany of 
the erroneous notions iti De Maillot's Toiiiamod were revived 
and new speculalicms attempted, but without any basis of 
observation. According to Dc la .Methcrie, all mountains, 
valleys, and plains took origin from the precipitation of 
crystals in a primeval ocean which covered the whole earth, 
and was of enormous depth. During the accumulation of 
rock-precipitates certain large subterranean cpities filled with 
air or vapour remained free from solid deptisils. As the total 
volume of water diminished, a considerable portion of the 



78 HISTORY OF GEOLOGY AND PAI.-EONTOLOGV. 


sea withdrew into these crust-cavities, and at the same time 
the areas of denser precipiutiim herarnr lain!. \‘nlranii‘ 
eruptions invariaUly un;j;inated in llu'se priniifne air and vapour 
chamboLs in the eartli's <’rust, \uti« h wejy nuu* i |i» 
connetlcd with one amAher by eru^t ll-suie.. 

It is unnecessary to enter into tin; unllu-r deiaik iif lie 
la Mctheric’s 27 kwjK I'wf) years after its piibhealioii, 
Bertrand, another French wrote Ae;i' aj 

Geokg)\ a work contesting l)c la Metherie's ctmceplions, hut 
not in itself contributing any new farts of value lo srienre. 
Ballenstedt, a German pastor, was the autlior of a lK*nk 
entitled Die Unvdi (or the Dfimcikti whirh was 

widely read in scientific and literary circles. It eudeav<>iircd 
to expound the Biblical stories in a sensible wayd* and went 
so far as afft?!n that all human races had not desrendeil 
from the one pair in Paradise, hut that there had !K*en 
originally several well-defined human spt‘cics. 

Scipio Breislak (1748-1826), an Italian, deserve.^ to be 
remembered for his determined opposition to the Neptunian 
doctrmes. In his Texi-book of Gealo^* he tries to demon* 
strate’that the earth was originally in a Suid state, but that tin; 
volume of water now present on the globe would be absolutely 
insufficient to dissolve the solid material of the crust. 

Further, the presence in earlier epochs of a much greater 
volume of water was a mere hypothesis, so also was the con- 
ception of internal crust-cavities into which large quantities of 
water might have withdrawn after the separation of the rock- 
precipitates. Again, there was no positive evidence that the 
surface of the ocean had sunk. The cases of apparent retreat 
of the sea from the coasts of Scandinavia, or in the Gulf of 
Naples, might be just as tvell explained by oscillatory move- 
ments of the earth's crust as by the supposed genera! lowering 
of the sea-level. After Breislak had demonstrated the im- 
possibility of a fluid state of the earth with water as the 
solvent, he tried to prove that the primitive fluidity of earth 
substances had been due to their intimate admixture and 
cornbination with heat-particles. Breislak imagines the canli 
in its first periods of formation as a confused cosmic mass 
soaked in heated matter, and therefore more or less molten. 
Two modes of heat are distinguished by * Breislak, Iieat, 

which calls forth the sensation of heat, and mmbimd heat, 
which IS not perceptible to the senses, but whose combination 
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with other forms of niattt‘r effects important changes, Upon 
this physical basis, Dnislak suppnst'.s that, as the ht‘at‘particles 
ciit«avd inti* ('ombinaliun with otla*r particles of mailer for 
which tiH‘y h 5 tl ayinitv, the (ulal ami>ujil uf lict* htaR 
diminished, aiui the UHipciatnrc uf the eaiih pcnvpiildy 
cooled. Uasetms material gathered internally and still more 
at the siirfa^v, where it was (‘ondensetl as a primitive ocean. 
The internal gases m coiJihinatJtm witli heat produced elastic 
vaf)ours. 'rhese tried to forrt* their way to the surface, 
cracking and breaking the solid crust that had iiC‘giin to 
form. 

jjreislak then disemssef; thi* origin of the various kinds of 
crystalline rock found in the crust I hi disagrees with 
iliiilon’.s explanation of gjums.s and crystalline schist as 
altered sedimentary rock, and include.s tlfftn together with 
granite, porphyry, and other igneous rocks, a.s products of the 
cooling of matter from the primitive molten state. Ereislak's 
ideas tfbout rock-structure soon fell into oblivion, but his able 
criticism of the Neptunian dogmas was largely iubtriimental in 
eradicating them from the teacliing of the universities and 
colleges, 'rherc would be little profit in recoriling fuithm 
the many contradidoiy theories of the Cvaitli that appeare<l 
between the publication of Iluffon's 7 Xw//f' de /a IVrfr in 
1749 and of Breislak’s Infrodazionf niia Gud&Ja in iSii. 
What seems very remarkable is that in none of these can we 
trace the inllucnce of the cosmogony and geogeny made known 
in 1755 by the great pinlosopher, Immanuel Kant, in his 
Naturgeschkhie des Himmds* Neither do geologists seem 
to have benefited by the kindred work of the French mathe- 
matician, Laplace, Expmiium du Sjsiam du J/<>/ide, publislu^d 
in 1796. 

Kanfs little l^ook appeart'd anonymously, immediately l^efore 
the outbreak of the Seven VearsMVar. It re<N*ived no a^tcn* 
tiol1, was forgotten, and ninety years elapseil IxTure Alexander 
von Humboldt unearlluMi it from ncglei't. Kant originated 
the conception that tiu‘ ordered cosmiral uniwr.^e miglu have 
been produced merely !)y the agency of mecijaniral forces 
acting upon a vaporous chacuic mass, Kant siip|M»scd that all 
the matter composing the s| 4 ierical Imdies of our solar system, 
the planets and the c*omets, was in the beginning broken up 
into its elementary riiuhiitucnts and distributed " Ihroiiglioitl 
sffece. All tile particles of matter could attract and re|>i‘l one 
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another ; the eniuilihriiun of matter was in a fiekle anrl 

iinstable coiKlition. llte denser parlielrs of matter tciicled, hy 
reason of their aUraelivo femv, to unite a feiilnil hoily* 
At the iru|ue| ihc pailielfs wcie divirlril by the cli4urliing 
action <jf the attraeliv^^ am! repulsive forees ; lli«*re ar«>se 
nuriicro is whiils of iiioviinent «‘rossiiig luie another. The 
particles in tliese whirls t»r voitiees originally iiiovnl in all 
directionsj and were amstanily coming into e.unilkt with one 
another, but finally the movenitmts beraine uniform in dinro 
don, and the particles revolved almost in one heavenly pLiiic, 
and without mutual disturlKVnre in eoneentric rircits rcniiid the 
sun. Within each individual ring the atlrartion of the pardeles 
again came into play, aggregates of the denser parlielcs attracted 
the lighter particles in tlie same ring until a planetary body 
formed*, revoIvin|fround the sun along its particular path. In 
this way tht} w'hole planetary system, including moons and 
comets, was thought by Kant to have taken origin in order 
according to the distance of the path of revolution the 
sun ; first, the planets next the sim, then those more remote 
from the sun. 

WbfHe Kanfs mechanical theory of the universe explains the 
origin of all the bodies in the solar system upon the salfee 
fundamental principle, it yields no exact information regarding 
the constitution and the temperature of the sun and the planets. 
The nebular theory of Laplace, which w^as founded quite inde- 
pendently of Kant, goes further in this respect, and has therefore 
come into closer relationship with geology. 

Laplace shows that all the planets m the solar system move 
round the sun from west to east in almost the same plane, that 
“'all moons move in similar direction round their planets, and 
that the sun rotates, so far as is known, in the same direction 
round its own axis. In the opinion of the great mathematician, 
a phenomenon so remarkable cannot be mere chance, but 
indicates some general cause or combination of causes that 
has determined all those movements. Clearb^ there was a 
time when the planetary spaces now empty were uniformly 
filled with matter at a high temperature, representing the sub- 
stances of the planets and moons in the finest state of 
rarefaction, and having a rotating movement from west to 
east A central body, the sun, massed itself in the midst of 
this vaporous material 

The finely divided mass behaved like a gigantic atmosphere, 
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in which ciniilihiinm was sii.sfaim-d l>y ('ontrlfugal fuire and 
gia\it\. ^\s tin* nui'-s i>*’rainc denser tiu; (centri- 

fugal foHe increa,->e(l, and pciipla-rul rings of vajtuur similar to 
those nf SatiiiiT separated i'loni tin; main body. The detached 
lings ('ontinik'd to mote with the same rate and direction nf 
motion as helnre. Not bring nf uniform density, they became 
rent, the different masses tnrnied themselves into” rotating 
spheres, the larger Ividies absorbed a part of the smaller, and 
thus the iilanets and their satellites took origin. 

I he cfindensation of the va[ioroiis material durin'>' the 
process of aggregation of the particles into S[ilu'i()ids set fiee 
a largo amount of heat and the nctviy-formed bodies were 
laised to a vciy high tempcratuie ; they became radiant 
masses, ladialing light and heat into siirroimdiiig space. 
Owing to the loss of heat by radiation, the ^rfacc cooled and 
shrivelled, and finally a superficial crust forined, at first 
glowing, afterwards darkening down to its present state. 

Acdhtding to Laplace, the zodiacal light represents certain 
volatile unconsolidated parts of the .solar atmosphere that still 
surround tlic sun ; while the comets are regarded by Laplace 
as foreign to the solar atmosphere, belonging probably'to the 
infinite space beyond. 

I’he nebular theory of Kant and Laplace was in far better 
agreement with the laws of mechanics and the observations of 
astronomy than any previous cosmogonetic hypothesis. It 
also helped greatly to elucidate the earliest beginnings of the 
earth, ami was welcomed by geologists. Clearly it brought 
confirmation to Volcjyiistic doctiines, and militated against 
the Neptuni.cn teaching that the primitive crystalline rocks 
were of aqueous origin. 

Local G cognostic DcscHpiions and Simligrap/iy. — A. Ger- 
many . — The revolutionary tendency of the empirical methods 
taught by 'Werner in his system of geognosy is displayed in the 
nunieroiis local monographs that began to appear in all parts 
of Europe. Both in mineralogy and in stratigraphy, the chief ' 
contingent of new work came from the Wernerian school. 

Georg Kasius (1752-1833), who for a long time held the 
post of Director of the Survey De[)artment in Oldenburg, .was . 
no Wernerian, but he contributed a work on the Harz district 
that ranks among the best and most careful local descriptions 
of his time. Wliile Lasius was an officer in the Hanoverian 

6 
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iMigineer Corps, the duty of preparing the topographira! map 
of the Harz was entrusted to him. lYom this hegmning, 
j.asius became interested in the strut^tinal lelalions, and 
prepared a woik which was publisbeA two Vitluines, 
ObservaiioHS on the Ilar^ Afouniain^^ together with a pelrte- 
graphical map and a section (Hanover, 1789). 

In the first volume, l^asius describes tlic “primitive rocks'* 
(Uf-gehirge) and the “vein-series” {Gang-gebirge)^ and places 
these groups in contradistinction to the “ Fidtz formations” or 
younger stratified deposits. The “vein-series” comprises 
marine limestones with corals, orthoceratites, bivalves, and 
gastropods; slates, greywackes, and sandstones: trap-rock, 
porphyry, and serpentine. The distribution of the various 
kinds of rock is entered with great accuracy upon a coloured 
petrographical nflip, and the term gny^mcke is used for tlie 
first time iif the literature for a sandstone made up of finely 
fragmental granite debris, 

Lasius follows Lehmann for the most part in his sftb-divi- 
sions of the Flotz deposits; he shows, however, that a pait of 
the porphyry occurs in association with the Red Sandstones of 
Permftin age, and must therefore be younger than the main 
body of the vein series. 

The second volume of the work is devoted to a description 
of the ores and minerals in the Harz mountains, and contains 
many new and valuable observations. 

The Thuringian Forest was made the subject of several 
excellent geological works by an eminent scholar of Werner, 
Johann Karl Wilhelm Voigt (1752-182]^). Trained for the law, 
Voigt gave up this profession, became an ar(isnt geologist, 
and held' the post of Councillor of Mines at Ilmenau in 
Thuringia. 

Voigt’s work, in two volumes, entitled Minerabgicai Journey 
through the Duchy of IVeimar and Eisenach, was published 
between 1781 and 1785. Like many of his contemporaries, 
Voigt wrote this work in the form of letters. It contained 
what was at the time rather exceptional, a series of geological 
sections. Another work, which was undertaken by Voigt at 
the desire of Bishop Henry, gives a mineralogica! description 
ofxhe district around the monastery of Fiikl. The basalt and 
phonolite locks in the neighbourhood are accurately entered 
in a colouied geological map, and the text is remarkable for 
Voigt’s tacit renunciation of Werner’s views about the origin 
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of these rocks, and his clear exposition of their volcanic 
nature. 

After the publication in 1788 of Weriiei's work on the 
occurrence ofl^asalt at the Scheibeiiberg Hill, the diiference 
of opinion between these two geologists began to assume a 
more personal aspect, and unfortunately ended in a rupture 
of their friendship. 

Voigt published several imppitant papers on the geology of 
Thuringia in later years, chiefly in mineralogical journals, and 
he was also the author of the first practical Text-book of 
Geognosy (Weimar, 1792). In the description of the rocks 
and the order of rock-formations in the crust, Voigt follows 
Werner’s teaching, but he has a more just appreciation of the 
causes of volcanic phenomena and the origin of volcanic 
rocks. ^ 

His last lar^ work was entitled Attcmft at a History of 
Coat^ Brown Eoal and T/ rf (Woimar, 1802-5). This con- 
tains, In addition to the geological data, practical advice on the 
determination of workable coal-seams, and the industrial uses 
of the various kinds of combustible deposits. 

A detailed account of several localities in the^Thur- 
ingian Forest was also given by Johann Ludwig Heim, a 
Privy Councillor in the Duchy of Meiningen. Heim (1741- 
1S19) was tutor to the Princes of Meiningen, and during 
occasional journeys he made a large mineralogical collection, 
and wrote a number of papers compiled into oqe larger work, 
Geo/ogical Descriptions of the Thnrbigian Forest (Meiningen, 
1796-1812). These a^e distinguished by the independence 
of his viewff, acute powers of observation, and his clear 
descriptions ; but there is no geological map, and the 
stratigraphical details are only illustrated by rough sketches. 
Hence the work, careful though it was, never received much 
recognition, and was much less instructive in character than 
that of Voigt. 

Pieim referred the origin of the primitive rocks to chemical 
crystallisation from an indefinite mixture or “fluidum/^ 
possibly gaseous in constitution. He allowed that the slates 
and grey wackes (^‘transitional rocks ” of Werner) might have 
been precipitated from a watery fluid, but he thought it 
impossible to trace any difference in the ages of the various 
precipitates. ITis idea was that all these rocks are arranged 
in the crust as spherical or elliptical masses whose kernel is 
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composed of granite, and whose outer layers rnm prise 
porphyry and the piiniiU\e rucks, llns crmlt* eune,'pt!crj fit* 
Heinds has certain points of anulup^y \\Jlh the iniieh lain* 
theory of central niassives’' pinmulgat«*t!^ by rrioiintaiii 
geologists. 

Ilcim Hiib*divi(lcd ihf sedimentary or stnitified deposits in 
four main groups as follows : •— 

4. Newer limestone, including Alusck^lkaik and Jiirassif' 
limestones, 

3. “Bunter’’ or variegated sandstone (imrliHling the sand- 
stone of Fiichsel). 

2, Older limestone or Upper Dyas (“ Zec'hsteiib' of f.eln 
* mann). 

1. Ked Undcr|^’er or Lower Dyas Rothi: 1 odtliegciultb' 
of Lt;|imann). 

He also made a special incpiiry into the origin and distrilm- 
tion of basalt, and wrott^ strongly in favour of its eruptive 
origin. He regarded it as younger than all four sub*clf\isions 
of the sedimentary deposits, and supposed that its eruption 
had Ijpen accompanied by violent crust-movements, during 
which the rocks were bent and fractured and the mountain- 
systems were upheaved. 

The subjects of denudation and erosion also attracted 
Heim’s attention, and he gave a full description of the erosion 
of valleys by the agency of running water, enumerating many 
good examples in confirmation of his ideas (“On the Forma- 
tion of Valleys,” Voigfs Maga^irie^ 1791)* 

One of the most loyal and gifted Werner’s scholars was 
Johann Karl Freieslebcn (1774-1846)- He #as bom and 
educated at Freiberg, and enjoyed the intimate companion- 
ship of his master and patron. Widle attending Werner’s 
classes he formed the friendship of Von Humboldt, Von 
Buch, and Von Schlotheim; he afterwards travelled with Biich 
in Saxony, with Schlotheim in Thuringia, and with lium- 
boldt in the Bohemian mountains, the Alps, and the Swiss 
Jura mountains. 

His first large work, Descrip/ion of ike Harz Mountains 
(2 vols., 1799), contains chiefly mineralogical and technical 
information, and a later work, Contriimiions to the Mineral 
ogkai Knotviedge of Saxony^ published in 1S17, is of the same 
nature. 

As a geologist, Freieslebcn accomplished memorable work 
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in bis study of the sedimentary series on the northern slopes 
of the Thuringian Forest. His compiehensive work, Geoguoslic 
Contrilmtwn io the Knowledge of ihe Copfer Slafe Series, %mth 
special reference io a part of Mansfeld and llmringia (Freiberg, 
1807-15, in 4 vols., and with coloured geognostic map), still 
ranks as one of the most accurate local monographs on the 
geology of Nortli Germany. It depicts the different deposits 
according to their raineralogical character, their stratigraphical 
succession, their cartographical distribution, and the occurrences 
of fossils and minerals, in a manner so exhaustive, that later 
authors have been able to add little to his results. 

Freiesleben included under the term copper-slate or ore- 
hearing seiies the strata from the “Red Underlyer’^ to the 
“ Muschclkalk’^ inclusive; in other words, all the sub-divisions 
now placed in the Dyassic and Triassic geological systems 
were treated by him as belonging to one great forpiation. 

While the Thuringian Forest and the Harz mountains 
received by far the largest share of attention from the early 
geologists, certain other parts of North Germany also found 
their way into geological literature. The neighbourhood of 
Hildesheim was made the subject of research papers by 
J. H. S. Langer in 1789, and again by J K. Cramer in 1792. 
A paper entitled “ Physical and Mincralogicai Observations 
on the hlountains of Silesia,” by A. Gerhard, appeared in the 
Meports of the Royal Academy of Berlin in 1771 ; and in 1795 
the mineralogist, D. L. G. Karsten, published a geognostic 
account of a journey in Silesia. Still more widely read were 
I.eopold von Buch’s writings on Silesian districts. His Attempt 
at a Geognostic Descriftion of Silesia, wFich he dedicated to 
Professor Wetner, is accompanied by a coloured general map. 
This paper, like Von Buch’s earlier paper on the district of 
Landeck, is more concerned with pctrographical than with 
geological details, yet it affords a good general survey of the 
geological structure of a tenitory previously little investi- 
gated. 

An indi\idual charm is lent to this and to all the subsequent 
works of Leopold von Buch by his skilful delineation of the 
relations between the geological structure and the superficial 
aspects of a country. A landscape appealed to his artistic 
sense as well as to his scientific interest, and his mastery of 
language enabled him to transfer bis impressions picturesquely 
in writing. Mineralogical descriptions were fully given; but 
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from the dry details his mind would sweep with easy relief 
to the consideration of the broader troths of the sc’ieiicx*. 

The following passage may be quoted as an example of Vim 
BuclYs style of writing. It describes his ndca^uf the origin of 
the Carboniferous series of rocks First the ct)iiglomi;rate 
falls, a mixture of great stones that could not be curried far 
from their parent mass, even by aii angry flood ; and tliey 
tear away with themselves the mantle of vegetatioii \vhir:h 
had formerly reposed in security upon tllVir surface. Woods 
arc overthrown, buried beneath the irresistible rush of jaggtid 
and broken rock, again and again the Hoods rise and pour 
over the land, renewing this drama of destruction. Countless 
fragments arc rolled from the heights into tin; narrow moun- 
tain basins and valleys ; there in the hollow they are dashed 
against one anotjjer, gyrated and roimded into pebble form. 
After the surface has lujen denuded of its Vi'getation and 
the force of the flood diminisiies, the finer, lighter grains 
begin to subside and the newer fine-grained sandstontj accu- 
mulates/' 

Von Buch w’as particularly interested in the conglomerates, 
and the basis of the lithological features he traced the 
pebbles and larger fragments included in the conglomerates 
very carefully to their place of origin. He demonstrated 
that the pebbles are smaller the more remote they are 
from the rock from which they have been broken, and by com- 
parative studies he tried to determine the direction that had 
been followed by the transporting Hoods. 

From a strictly scientific point of view, Leopold von Buch's 
geological researches were less successffd than those of Voigt 
or Freiesleben, which marked a distinct note of advance in 
stratigraphical inquiry. The geological data given by Von 
Buch in his Silesian papers are sketchy in comparison, and 
there is no serious effort to draw up a definite succession of 
the rock deposits upon either stratigraphical or palEEontological 
grounds. 

^ During his Norwegian journey, Leopold von Buch had 
drawn attention to the position of granite alme the transi- 
tionaL' limestone in the neighbourlioocl of Christiania. 
Soon after, in i8tt, a work on the Formation in 

the ^Erz Mountains^ written by Raumer and Fhigelhardt, 
aroused great interest. These authors stated tiiat the 
granite and syenite on the north-east edge of the Erz 
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mountains weie not, as AVcrner bad supposed, the oldest 
rocks, since they rested locally upon the gneiss and schist 
series, and even upon the strata of the ‘'transitional” 
series. Similar observations had been made by these authors 
in the liar/ mountains, and corroborative reports began to 
appear in other countries disproving the commonly accepted 
dogma that all occurrences of granite must of necessity be of 
the highest antiquity. 

In comparison wi^h jMiddle and North (icrmany, geognostic 
research was very backward in South and West Germany, not- 
withstanding the fact that these areas are particularly rich in 
fossils, and have in later times very materially assisted in de- 
veloping our knowledge of past epochs. 

The first to examine tlie rocks of the Old Bavarian pro- 
vinces was Mathias von Fkirl (1756-1823^ At the age of 
twenty-four Flurl was elected Professor of Physic.^ and Natural 
History in the Industrial Academy at Munich; afterwards he 
studied for a time under Werner. On his return to Bavaria, 
he wSs advanced from one position to another, and from 
the year 1800 occupied the post of Director of Mines. His 
chief work, A Description of the Mountains of Bavaria and the 
Upper Pfilz^ was written in the form of letters. I^e-emi- 
nence was given to matters concerning mines and metallurgy; at 
the same time, he related in simple narrative style what he had 
seen of any geological interest in the course of his travels, men- 
tioned the localities where fossils occur, and noted the surface 
distribution of different kinds of rock. But Flurl avoided all 
reference to debatable points, such as the order of the succession 
of rocks, the relative ajge of fossils, or the mode of origin of 
the rocks. The work was accompanied by a small general map 
of Bavaria, wherein a few of the leading varieties of rock were 
distinguished — granite, gneiss, schist, limestone, sandstone, 
nagelflue, and alluvium. 

l^lurl was thus the pioneer of geology in Old Bavaria, and 
his work has a permanent value on account of its reliable and 
varied information. On the other hand, it cannot be placed 
on the same scientific platform as the more special contribu- 
tions to geology made by his contemporaries in Northern 
Germany. 

B. Austria-Hungary and the Alps, — A foundation had been 
constructed for the geological investigation of Austria-Hungary 
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by bcrbcr’s important scries of works, — Ins ^/-tvr/Ar iw ihe 
A/oiaiitxins of his Ac^onni of and Ins Gm- 

frlh/fio/h fo ihe Minet aho^' of IJohcmin ( HcHin, 1774). I’wcniy 
years later, another descriptive work on thii uiimaals of Bohenna 
was contributed by Fran/. Ambrus Reuss, a nnni'talogist and 
]>hyhician resident in Rilin. 'The same author wrote a Texi' 
Oook if Mincrahoe,}' that had a wide (irrulation, A pupil of 
W’crnei s, Reuss treated the basalts of North Bohemia as rocks 
of aqueous origin. ^ « 

'File most gifted of the early stiatigraphers was JtdKinn IGiren- 
reich von Fichtel (1732-95), a Hungarian by laitb, whose 
researches in Transylvania were publi^ihed in 1780; a later 
work on the (Carpathian mountains appeared in 1791. 'Fhe 
first volume of F’ichiers j\finemif\e;y of fransyivania contains 
much valuable infoianrilion about local occurrences of Tertiary 
fossils in the^^ low range of hills in front iT ihe 'Transylvanian 
Alps. In the sec'ond volume, Fichtel descuhes the massive 
accumulations of rock-salt in Tiansylvania, and gives an 
exhaustive technical account of the whole mining induftry in 
Transylvatiia, the Carpathians, and Galicia. A topographical 
map shows the distribution of rock-salt in these areas. 

I.oc^l stratigraphical relations are now and then elucidated, 
and the origin of the different kinds of rock is discussed, Fichtel 
declaring himself to be a thorough Volcanist Amongst rocks 
of igneous origin Fichtel includes the granite composing tlie 
highest mountains, and the gneiss, schist, limestone, and 
metalliferous rock (rhyolite, clacite, trachyte) composing the 
mountains of intermediate height; the rocks composing the 
lower ranges in front of the middle and jnain chain are, he says, 
of pelagic origin, and include sand, clay, and pefeble deposits. 
According to Fichtel, rock-salt originated by the evaporation 
of a fluid mixture of salt and rock-oil, which had sapped into 
huge crust-cavities after the cooling and consolidation of the 
eartlTs crust Such cavities, with their saline intercalations, 
form, he says, the heart of the (Carpathian mountains. 

Fichtei’s later work is devoted chiefly to a careful enumera- 
^ tion and description of the eruptive rocks in the Carpathians. 
He distinguishes voicanfc outbreaks, with which superficial lava 
flows are associated, from volcanic upheavals, in the course of 
whidi wide regions are affected, and masses of igneous material 
are intruded in the crust 

It can be easily understood that FichteTs woik met with an 
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incredulous reception l^y Werner and his adlierents. One of 
those, Jens hlsmarc^li, afterwards Professor of Oeology in the 
University of Christiania, travelled through the districts which 
Fichte! had desciibed In all the localities where Fichtel had 
found evidence of the (i^nems as o]’>))osed to the (ujueahs origin 
of the primitive rocks, I’^smarch could see only a confirmation 
of Werneds teaching {S/mr/ Desmpfwn of a Journey t/irough 
JIuHgary^ Tmnsyivauht^ ami ike Jhuiat Moan fains, Freiberg, 
1797). 

The wiiiings (jf the energetic but somewhat eccentric 
tiaveller liactiiiet ^ in many respects supplemented the works 
of FichteL 

Ilatapiet’s records of his journeys in the Carpathian and 
I'ransylvanian mountains were, however, written towards the 
close of his active liie. His fame is based ui^n another work, 
the Oryciograyhia Cauiioliea, a study of the surface conforma- 
tion of Carniola, Istria, and neighbouring districts (4 vols., 
Leipzig i 778«K9), This monograph, which was modelled 
after the pattern of the Swiss geologists, vScheuchzer and I)e 
Saiissure, represented the fruit of twenty years^ lesidence in 
Carniola, and disclosed for the first time something the 
mineralogical and jihysical structure of the more remote 
southern ranges of the Alps. A geogiaphicai map was 
published along ^Yith the work. 

The scenic character and physical lelations of the country, 
as well as the customs and character of the population, are 
excellently depicted. But in the geological portion the author 
unfortunately confined himself to a barren description of the 
individual occurrences t)f rocks, minerals, and fossils, without 
attempting to* give a general conception of the structure. 
During the years 1781-86, Hacquet extended his knowledge of 
the Alps by travelling through the Dinaric, Julie, RliEetic, and 
Noric Alps. He then published a work of a more mineral- 
ogical and geological character upon these districts, but he did 
not succeed in arriving at any real appreciation of the broad 
features of Alpine structure. 

This was a task even beyond the greater powers of Leopold 

^ Balthazar Ilaccfuet (1739-1815) bad a vaiiecl career. Born in Brittany, 
he became a surgeon ; in that rapacity he attached himself to the Austrian 
Army throughout the Seven Veais* War. At the close of the war he taught 
Surgery at the Lyceum of Laibach, and in 1788 he was made Professor of 
Natural History and Surgeiy in the University of Lemberg. 
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vun Ikich and Alexander von Humboldt. During the winter 
spent by the two friends in Salzburg, they made nimieroiiK lours 
into the Sal/kamniergiit and Gosau \"alley. Von ihich’s 
arcount of the geognostic and physical tchiions in that lorality 
is very pleasant reading; but, biassed as was l)y Werner’s 
theories, Von Ikich tried to explain the disturbaiKX'S of the 
strata by local collapse, and by the shifting of the centre of 
gravity in the rocks. The beautiful Kiinigsec near llerchtes- 
gaden, and the I.akc of IlLijllsladt, weTc both regarded as 
local basins of inthrow, and the deep Alpine valleys were 
attributed to river erosion. I'he whole massive development 
of limestone in the higher ranges of tfie Salzkammergui was 
taken to be the equivalent in age of the 'Fhuringian Zech- 
stein (Upper Dyas). The occurrence of fossils at Hallstadt 
and Gosau, and^ther now famous localities, was repcaltaily 
mentioned by Vun Buch, but the fossils themselves were 
not used in any way to help to determine the age of the 
rocks. ^ 

In a separate publication Von Buch drew a comparison 
between the geological succession observed by himself across 
the Brenner Pass, and that which had been described by De 
Saussure for the Mount Cenis Pass. Although the idea wais 
good, the rocks and the stratigraphy in these two distant 
Passes have too little in common to disclose any broad 
principles of Alpine structure, and the results obtained by Von 
Buch in this* respect were confused and unsatisfactory. 

Some general facts were, however, brought into promi- 
nence. In this work Von Buch demonstrated the absence of 
porphyry at Mount Cenis, as well as tn the whole Northern 
Alps, in strong contrast to the enormous development of this 
rock south of the Brenner Pass; he compared the northern 
and southern zones of the Alps with one another geologically; 
showed the relationship of the Jura mountains, to the Alps and 
he drew attention to the lithological differences in the rocks, 
and their influence on the scenic features. In later years Von 
Buch wrote a few short papers on the Hinterrhcin district 
(1809) and on the Bernina Massive (1814). 

One of the most richly endowed of Alpine students was the 
Zurich geologist, Hans Conrad Kschcr (1767-1823). In 1796 
Esdier published a geological survey of the Swiss Alps, and 
afterwards a series of geological sections from Ziirich to the 
St. Gothard Pass* He also contributed several smaller 
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papers to Leonharcrs Taschcnbuch fiir Mineralogie and other 
journals. 

ICschcr’s modest personality is endeared in the minds of all 
Alpine geologists. •His quiet, persistent spirit of inquiry 
enabled him to amass innumerable observations, which not 
only afforded a reliable framework for the future, but also 
contained the kernel of some of the grandest mental concep- 
tions of geological phenomena that have been attained during 
the progress of Swis^geolog}*. • 

While Escher's work is so empirical and technical in its 
tendency as to have rctaitmd its freshness for the specialist, his 
contemporary, J. G. Ebel,^ has left a work whose chief 
interest now is for the historian, but which, nevertheless, was a 
great achievement at the time. Ebel was the first to bring any 
comprehensive account of Alpine geology^ to a relatively 
successful fulfilment The previous literature of Swiss geology, 
from which Ebel drew his facts, embiaced the works of 
Scheuijhzcr and He Saiissure, the series of accurate geological 
sections prepared by the engineer of the Linth Canal, Hans 
Conrad Escher, and the papers of the younger Escher, which 
were then appearing in current magazines. De Luc a^d De 
Saussure had contributed a few observations on the south- 
west portion of the Swiss Jura mountains, and Count Razu- 
mowsky had published his large work, JVa/ural History of the 
Jorat and its Surroundings^ in the second volume of which 
important suggestions had been given regarding the structure 
of the Jura mountains. Ebel was also thoroughly familiar with 
the geological literature of the German, Austrian, French, and 
Italian Alps; in manf cases he relied upon his own obser- 
vations. 

EbeFs description of the Alps was characterised by the 

^ John Gottfried Ebel, born 1764 in Zullichau, Silesia, studied medicine, 
then travelled thiec years in Switzerland, and in 1793 settled as a physician 
at Flank fort-on Alain. A translation of the writings of Sieyes brought him 
under political suspicion, and he was forced to leave Geimany. He went 
to Palis, where he continued to practise medicine, but spent a large portion 
of his time in the pursuit of natural philosophy. In 1810 he selected Zurich 
for a residence, and died there in 1830. During his early years in Frank- 
fort he published a “ Guide,’' lIo%v to Travel in Switzeriand m the nmt 
jPkasant ami Practical Way (4 parts, I793)» a woik which has served as the 
pattern of our present guide-books for travellers. His next work 
JOescription of the Motmiain^peoples of Switzerland, 1798-1802. His chief 
geological work, On the Structure of the JSarth in the Alpine hlountatn-' 
System, was published at Zurich in 1808. 
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dearness with wliidr he distinguished the leading nietnhi'rs of 
the mounlain-systenu He established the fiiiKlanHiital dis- 
tinction of a central chain composed for the most part of 
primitive rocks, and two lateral zones on the north and on the 
south of the central chain, comp()sed chielly of liinehionci 
sandstone, shale, and nageliluc. 'Fhesi* leailiiig zones were 
accurately described with respect to their geographical distrb 
billion and the various kinds of rock present in them. The re- 
semblances and differences between the northern and southern 
zones were pointed out, and the leading straiigraphical features 
were shown in a number of geological sections. I'he text was 
further illustrated by a general geological map of the Alps and 
seveial panoramic sketches, A geological map (on small 
scale) of the mountain-systems of Europe was added for 
purposes of comi^irison. 

In describing the Jura mountains, Ebel defined their geo- 
graphical limits in accordance with their geological structure, 
lie pointed out for the first time that the Swabiay and 
Franconian Alb formed geologically an integral part of the 
Swiss Jura chain. He also drew special attention to the 
archeii forms of structure as particularly characteristic of the 
J ura mountains, but failed to find any satisfactory explanation 
of tiie curvature of rock-strata. 

The main features of the conformation were thus rightly 
laid down, but the detailed stratigraphy was less ably handled. 
Ebel started from the assumption that the whole outer crust 
of the earth is everywhere composed of the primitive rocks, 
granite, gneiss, and crystalline schist, and that these rocks have 
been in certain localities covered by*pelagic or terrigenous 
deposits. He regarded the highly-tilted position of the rocks 
in the central chain as essentially characteristic of the primitive 
series, and accepted Alexander von Humboldt’s doctrine tliat 
the primitive rocks everywhere strike in the same direction, 
from south-west to north-east. 

In his treatment of the straiigraphical succession in the 
lateral Alpine zones Ebel attached little weight to the order of 
rock-formations enunciated by Werner, and considered it far 
more important to note the seipience of the fossil contents. 
He pointed out that the strata reposing upon the primitive 
gioup contain a few pelagic fossils; in younger strata the 
lemains of marine faunas arc much more numerous and varied; 
in still younger terrigenous deposits there are fossil fishes and 
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plants; then amphibians appear, and finally, whole skeletons 
cjf terrestrial mammals and birds arc imbedded in the sands 
and clays. “ Acconjin'^ly fragmentary historical testimony of 
the beginnings* and further stages of living organisms on the 
fa(‘e ol the earth has been indelibly preserved in the suc- 
cessive strata. It must l)o left to posterity, by means of 
the united observations and efforts of many enf|uirers, to 
solve the secrets the earth's structure and read aright the 
sequence of organic remains interred in the crust ” (vol ii,, 
p. 412). 

'The periodicity in the recurrence of certain physical con- 
ditions and the repetition of similar deposits were favourite 
themes with Kbtd, He showed that the same varieties of rock 
ocxur repeatedly in the lateral zones of the Alps, and clearly 
represent deposits gathered during different geological epochs, 
I'hen he cited evidences, both from the central and lateral 
Alpine zones, of recurrent paroxysms of the crust; these, in his 
opinioti, had been caused by the sudden transgression of the 
ocean over terrestrial areas and the consequent devastation of 
the land, erosion of valleys, and accumulation of fine and 
coarse mechanical deposits at the base of the mountain^ 

According to Rbel, the last and most violent inundations 
had advanced in a direction from south-west to north-east, and 
iiad transported the huge erratic blocks and the material of the 
nagelfiue and other pebble deposits to the northern band of 
the Alps, and even as far as the North German plain. 

This same idea of periodicity led Ebel further astray when 
he ventured into philosophical speculations. He compared 
the body of tiie earth witli a voltaic pile in spherical form, in 
which a living element analogous with the electrical current 
not only called forth the plant and animal kingdoms, but also 
regulated the origin and arrangement of the minerals and 
rocks. 

Such theoretical speculations were always kept apart from 
the descriptive portion of Ebel’s work, and scarcely affected 
it, although they produced so unfavourable an impression 
that they caused his work to be undervalued by his con- 
temporaries. At the same time, EbeFs work undoubtedly 
marks the high level of geological research as it was repre- 
sented in the Alpine literature at the beginning of the century. 
Unfortunately, Ebel had no deep insight into stratigraphical 
details, and he lacked the genius to follow up the indications 
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which De Saussure and Escher von der Linth had given of the 
grand mist niovements that had invtatcd nifk- strata and 
develupud the fan structure^ uf the muuptaiiMnassivcs of the 
central (‘hain. The bolder thoughts (jf tliese men escaped 
him. 

In addition to the larger works on Alpine geology by 
Von Buch and Ebeh a number of smaller treatises on Alpine 
localities were contributed to mineralogical journals. Amongst 
these were papers by Italian geologists directing attention to 
the interesting geological phenomena in the Fassa Valley and 
Predazzo in South Tyrol ; a description by Alohs of the Villmdi 
Alps ; works by Charpentier and others on tlie Wallis Alps; and 
by several French geologists on the Maritime Alps and several 
parts of the Dauphind 

C. 7 /a ^’. — The interest of Italian geologists tvas early 
attracted to the richly fossiliferous Tertiary strata. Arduino’s 
epoch-making "works on the stratigraphical succession* in the 
neighbourhood of Verona have been mentioned above (p. 37), 
The travelled Alberto Fortis (1741-1803), an Augustine monk, 
was Sn acute observer and a prolific writer on geological 
subjects. His works are for the most part descriptive of the 
Tertiary deposits and volcanic rocks in the Vicentine Alps; 
Monte Bolca, a locality long famous for its fossils, was 
thoroughly searched by Fortis, and he discovered several new 
localities of vy*elhpreserved fossils (Brendola, San Vito, Gran- 
cona). 

Fortis compared the fossil fishes of JMonte Bolca with exist- 
ing species in the southern seas, and conclucied that six or 
seven species w^ere identical. This opinion was shared by 
Volta, in whose splendid monograph of the Monte Bolca 
fishes (1788) the number of fossil forms identical with living 
species is increased to one hundred and ten. Possibly the 
best contribution made to science by Fortis was his work 
on the geological structure of Dalmatia, and his account of 
the occurrence of nummulites at Bencovac and Sebenico, of 
bone breccias at Cherso, etc. 

In regard to the origin of basalt and tuffs, Fortis was an 
cxtj'eme Volcanist ; he even believed that the volcanic energy 
of the Vicentine area had raised the temperature of the Adri- 
atic Sea to such a degree that tropical moliuscs and fishes 
could then exist in it. 
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The Tertiary fossils of Italy were made the subject of a 
mastei piece in paUuonlological liteiature, Brocchi’s'^ famous 
niunograph, Cinuiiviwlojia fossiic sidhi/^cnHina (IMilan, 1814), 
This work coin^irlses two {|iunto volumes, and is handsomely 
illustrated with sixteen plates. It begins with a historical 
review of the development of palaeontology in Italy, depicts 
in an introductory chapter the structure of the Apennines and 
the adjoining plains^ and distinguishes the Secondary rocks 
which compose the true mountain-chain from the Tertiary 
deposits on the lower slopes and plains. The main part of 
the work is occupied by the specific descriptions of Tertiary 
molliisca from all parts of Italy. The special locality, the 
number of specimens, and the particular distribution in sandy 
or clayey, pelagic, or littoral deposits is accurately recorded 
for each species ; both the descriptions and* illustrations are 
perfect A special chapter is devoted to the occurrence of 
land mammals, whales, and fishes, 

Brotchi recognises the great similarity of the Tertiary species 
of mollusca with species still living in the Mediterranean and 
Adriatic seas, and likewise the difference between the Italian 
fossil species and the species of the Baris basin, whidi had 
been described by Lamarck and Brongniart. He erroneously 
attributed the dissimilarity of the Italian and French species, 
not to any difference in the geologic age, but to the separa- 
tion of the areas of occurrence. At the same time Brocchi 
fully realised the fundamental difference between the fossil 
faunas in the Secondary and Tertiary rocks of his native 
land. The numerous occurrence of Belemnites, Ammonites, 
Terebratulas, #nd other generic types in the Secondary rocks, 
and their complete absence from the Tertiary faunas is ex- 
plained on the basis of the gradual extinction of the more 
ancient types during the vast periods of time that elapsed 
while successive strata accumulated. 

Brocchi’s ideas about the mode of extinction and period of 
existence of fossil genera and species are of especial interest. 

^ Giovanni Battista Brocchi (born at Bassano in 1772} studied juris- 
prudence and theology in Padua, was made Professor of Natuial History 
in Brescia, and afterwards Inspector of Mines for the Kingdom of Italy. 
He travelled through almost the whole of Italy, and published a large 
number of mineralogical, geological, and paheontological papers; in #823 
he travelled in the East, visited Lebanon and Egypt, and went as an 
engineer to the Soudan, where he died in 1826 at Khartoum, a victim to 
the unhealthy climate, 
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Kg opposes the Catastrophal Theory, which taught that fmni 
Lime to time destructive catastiophes had occuired in past 
ages, and had annihilated the whole or the greater porduii of 
CM'.ting forms ; and he lays down principles of the evolution 
of one from another along continuous lines of descent, but 
in accordance with definite natural laws of growth and decay. 
He argues that just as a definite span of life is meted out to 
each individual, and the time may he longer or shorter accord- 
ing to the kind of organisatiJn, in the same way each species 
and each genus possesses a definite energy of existence, and 
when that has been exhausted, death ensues from natural 
causes of decay. 

While it is as a palreontologist that Hroct'hi’s name will be 
remembered, his first contribution wins a mineralogical and 
chemical treatiscon the iron-works of Xfelln, in Val I'rompia; 
he then studied the poiphyrites and basalts of the Fassa valley, 
and, in agreement with Wernerian doctrines, referred them to 
an a(|ueous origin. Later in life, after the publicatioi> of his 
monograph, he returned to the study of volcanic rocks, with 
the result that be became a Volcanist, 

The volcanoes of South Italy had always proved an attractive 
study ill scientific circles, and yet it was remarkable how few 
of the scientific works regarding them had been contributed 
by those resident in the immediate neighbourhood. 

Sir William Hamilton’s work on Vesuvius and Etna (p. 45) 
had prepared an excellent foundation for further research, and 
a worthy continuation was provided by the Frenchman, Dolo- 
mieu,^ in his descriptions of the Lipari and Pontine Isles, and 
his detailed mineralogical researches *on the Kicks of these 
islands and of Etna. 

Dolomieu departed from the usual method of research that 

^ Guy S. Tancrede de Dcdoniieit, hoin 1750 at Dolomieu, in llie 
Danphine, was an ofiicer in the aimy ; he Uavellcd for several years in 
Sicily, South and Central Italy, the Pyrenees and Alps; in 1796 he was 
(.‘lucLed a Professor in the Pans School of I^Iines, and accompanied the 
h'lench Expedition to Egypt. While on the return journey he was taken 
into custody, for political reasons, in Naples, and was imprisoned for two 
yems. After he regained his liberty he became, in iSoo, Professor of 
Mmcralogy at the Natinal llistoiy Museum in Pads, Imt dit*d in the 
following year in IXaris. His most imptntant works aie: 7 )a 7 *e/s in 
tin f J pari hies {V 7 sx\% 17S3); On ike Earth-Tremors in Calabria {Kniw^ 
jySj); On ike Lepaniinc I sies^ and a Catalogue of the Prodntis of Etna 
(i’aiiS, 17SS}. 
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had been adopted by his predecessors. Instead of confining 
himself to a description of the superficial aspect of the volcanic 
mountains and the characteristic phenomena of eruption, Dolo- 
mieu studied tlje lavas, loose ejecta, sublimations, etc., and 
compared these volcanic products with other rocks. He thus 
arrived at the result that all transitional stages exist between 
the coarsely crystalline lavas and the glassy rocks (obsidian, 
pitchstone), the latter being merely particular structural varieties 
of the crystalline lavas. • 

In order to explain the possibility of so many grades of 
structure, Dolomieu supposed that volcanic heat, unlike any 
kind of artificial heat that could be produced in the laboratory, 
did not reduce the original rock-material to a completely melted 
mass, but merely to a viscous state, in which the individual 
mineral constituents could move relatively «to one another 
while still retaining their characteristic form. 

He further supposed the lavas contained a combustible sub- 
stance ^perhaps sulphur), which held the rock in this viscous 
state until it was completely consumed; and that this com- 
bustible substance, by its expansive force, produced the 
scoriaceous, slaggy, and irregular surfaces of lava stieams, 
and caused the upward pressure of molten magma’ to the 
orifice of escape. 

Dolomieu confirmed the igneous origin of basalt rock, re- 
garding it as a variety of lava for the most part associated with 
submarine eruptions. He compared the alternating lava streams 
and sedimentary strata at Etna with the stratigraphical relations 
of the so-called trap-rocks in the Vicentine district, and con- 
cluded that thg latter gave evidence of volcanic activity. 

The name of Dolomieu is perpetuated in the name of the 
“Dolomites,” given to the beautiful district in South Tyrol 
south of the Puster Valley. Dolomieu called attention in 1791 
to the unusual mineralogical character of the “ Alpine lime- 
stone” in that district. His chemical investigations proved the 
rock to contain, in addition to lime carbonate, a very high per- 
centage of magnesium carbonate ; so that the rock could by no 
means be regarded as a true limestone. Afterwards, any highly 
magnesic limestone came to be called “Dolomite” rock. 

In 1797 Dolomieu confirmed the statement of Giraud 
Soulavie, that the volcanoes of Auvergne and Vivarais are 
intruded into the granite, and partially rest upon it. Thus 
Dolomieu extended our knowledge of the mineralogical com- 

7 
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position of rocks on many definite points, nnd his researciies 
at once gained recognition. Italian geologists applied them- 
selves with fresh zeal to the stinly of jlheir volcanic rocks, 
working more by the practical meihotls of l^oloniieii. Soon 
they discovered the weaknesses in 1 )olo!ii!t‘u’s writings, where 
that keen observer liad ventiiu‘d to speculate on the causes 
which might determine the partirailar setting and orieiitolion 
of mineral material eiu\racteris;tic of the tBansilional varieties of 
igneous ro(’ks. 

Hie learned Lazzaro Spallan/.ani (1729*99), Profi^ssor of 
Natuml Idistory in Pavia, was the first wlio applied experi- 
mental methods to the elucidation of volcanic rock-slrucUire, 
He S(‘t up scries of experiments in Ins laboratory in order to 
find out whetluT gaseous vapour would (*HC‘ape when lava was 
melted, and wh'Rt was the (fiiemical nature of such vapours, 
lire result showed that little gas escaped, but the powdered 
lava partially sublimated, and was partially converted into a 
vesicular rock-mass. • 

Spiallanzani then tested Dolomieu’s idea that the crystalline 
structure of volcanic rocks was produced under the influence of 
a moSerate degree of volcanic heat acting during a long period. 
Different kin<is of lava were exposed to definite tempera- 
tures for forty-five days, some even for ninety days. T'ho 
result of vSpallanzani’s experiment appeared negative, since a 
moderate heat acting for a long time produced precisely the 
same effects as a more intense heat acting for a shorter period. 

Spallanzani also investigated whether, in accordance with 
the hypothesis of Dolomieu, the presence of sulphur would 
hasten the fluidity of the lava, and whether the ifielted material 
in this case would solidify as a crystalline, rough-grained, or 
vitreous rock. The result was again negative. The powdered 
specimens of lava mixed with sulphur demanded the same time 
to become fluid as the specimens with which no sulphur had 
been mixed, and on solidifying produced the same glassy rock. 
Spallanzani therefore opposed Dolomieu’s theory, that a com- 
bustible substance w'as present in flowing lava, pointing out 
(1) that no flames had ever been seen on the surfaces of lava 
streams ; {2) that all lavas were easily brought back to a fluid 
coadition ; whereas if Dolomieu were right in supposing they 
became solid after all the combustible material had been con- 
sumed, then in the absence of the latter it should be much 
more difficult to melt the lavas. 
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Spallanzani’s experimental researches were published in 
several volumes in the same series as the more popular descrip- 
tive account of his travels {Travels in Sicily and some parts 
of the Apennbm^ 6 vols., Pavia, 1792-97). His descriptions 
and observations of volcanic regions surpass in scientific 
accuracy and completeness all previous contributions of the 
kind, and have secured a permanent place in the literature 
of scientific travel. yMthough Spallanzani’s numerous experi- 
ments invariably produced vitreous rock-varieties, Hall suc- 
ceeded shortly after in demonstrating that crystalline structure 
could be produced experimentally by the slow cooling of melted 
rock. 

In 1801, Scipio Breislak (p. 78) published a descriptive and 
geological work on the Phlegrsean fields, the extinct volcanoes 
near Rocca Monfino, on Monte Somma, Vestivius, the Baiae, 
Procida, and Ischia. This work comprises several maps, and 
is in many respects supplementary to Spallanzani’s Travels. 
Breislak also contributed the first researches on the geology 
and stratigraphy of Rome, and of that part of the Apennines 
which surrounds the volcanic area of the Italian mainland. 

Leopold von Buch was also a contributor to the g(?ology 
of Rome. His study of the basalt of Capo di Bove and the 
Alban mountains aroused in his mind the first doubts of the 
correctness of Werner’s Neptunian doctrine. The best feature 
in Von Buck’s summary of the geology of Rome is his lucid 
exposition of the travertine and tuff deposits. He demonstrates 
that these are true aqueous sediments, although he recognises 
the volcanic origin of many of the contained mineral fragments. 

In a paper %On the Formation of Leucite,” Von Buch tried 
to prove that the crystals of leucite in the lava had separated 
out while the material was still in a fluid state. In his estima- 
tion the leucite crystals were original volcanic products; he 
discredited the hypothesis that they had been originally 
components of an aqueous sediment which had been 
partially melted in subterranean volcanic cisterns and poured 
forth as lavas. The anti-Neptunian attitude assumed by 
Von Buch in this paper was turned to good account at the 
time by the Volcanists. But Von Buch still held a somewhat 
contradictory position regarding basalt 

After he had visited Vesuvius and the Euganean Isles, ^ in 
1799, he wrote to Pictet that little difference could be 
distinguished between the lava flow from Torre del Greco 
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and basalt rock; but as Hall’s experiments had shown that 
basalt \On.‘n melled could a^^ain solidify in crystalline forim he 
siip[>osed that the lavas of Vesuvius represented a pre-exi.'iiiii'^ 
i)a.sait of aqueous oripa wlTu'h had*!ieeq nit'litai in tlie 
earth’s crust and ejccdesl as lava. In rjther rases, for example 
at SolfiUara, the lava might imt be basaltic in character, and 
might have some other origin In the same letter he gave a 
(lesi'ription of the definite set|uencc in the eruptive phcnon'ieoa 
of W'suvius. The eruptions,* he said, begin with earthquakes, 
radial fissures form on the sloptxs of the mountains, and lava 
wells out ; then the pent-up .steam and vapours burst forth 
from the central vent with explosive force and noise, throwing 
into the air enormous mas.st.*s of ashes and fragmentary scorim 
amidht dust and smoke. After the crater is mnptied, (giiet is 
regained, the ej 4 iaIations of injurious gases marking the final 
stages of a spent volcanic outburst 

While our scientific knowledge of volcanoes was derived in 
great measure from Italy, that country also was the sccije of the 
series of earthquake shocks which convulsed Calabria in 1783. 
Great importance is attributed to the Calabrian earthquake 
in s(iientiric literature, from the circumstance that many of 
the observers present in Calaliria during the disturbance, or 
immediately after it, were experienced men of science, and 
their vivid descriptions and accurate observations and drawings 
afforded the first circumstantial scientific account of earthquake 
phenomena. 

D. France^ Belgium^ IloHand^ and the Ihrian Fenimu/a . — 
During the eighteenth century France had ^fallen behind 
Great Britain, Germany, and Italy in the pursuit of geology 
and palaiontology, but the influence of Buffon revived a 
warmer interest in these studies. Scarcely any other country 
in Europe offers such a fine field for geological studies as 
France. Apart from the Pyrenees, Alps, Brittany, and the 
Ardennes, the stratigraphy of French districts is comparatively 
simple, and the strata abound with a wealth of well-preserved 
fossil remains. In addition, there is the wonderful Auvergne 
district, with its groups of extinct volcanoes, discovered by 
Guettard in 1752. 

*Desmarest was the French geologist whose genius disclosed 
the full significance of these extinct volcanoes and made 
Auvergne famous. In 1763 he observed on the plateau of 
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Prudelle, near Clermont, basaltic pillars in close relationship 
with a lava flow, and he spent many years in collecting facts 
to prove the volcanic origin of the basalt. The work which 
he published in*the Mcmoires de PAcadhnie royak des Sciences 
(1774-75) established the igneous origin of basalt without a 
shadow of doubt. 

Desmarest was himself so entirely convinced of the result 
of his conclusions that he took po part in the strife between 
Neptunists and Volcanists, but when questioned by any hesi- 
tating adherents of either party he used to reply laconically, 
“ Go and see.” 

It was remarkable how completely Werner and his school 
ignored the incontestable results of Desmarest And the 
later work by Desmarest, “ On the Determination of different 
Epochs of Volcanic Activity in Auvergne,” was also neglected 
in Germany {Mhi. de Vlnst Sc.^ Maf/i, et Fhys.^ 1806). His 
own countrymen, however, fully realised the value of Desmarest’s 
achieveffnents. Following the same lines as Desmarest, Faujas 
de Saint-Fond and Abbe Soulavie made known the volcanoes 
of Vivarais and Velay with their magnificent basaltic pillars and 
lava streams ; so that when D’Aubisson, a student of Werner’s, 
returning to Paris from Freiberg, tried to spread Neptunian 
doctrines, he had no success, and a visit to Auvergne con- 
verted D’Aubisson himself to Volcanistic beliefs. 

The intellectual politician and scientific investigator, Count 
Reynaud de Montlosier, published in 1789 an Essay on the 
Volcafioes of Auvergne, in which he promulgated a new theory 
about volcanoes. Like Desmarest, Montlosier recognised that 
there were in •Auvergne volcanoes of different ages. The 
younger have preserved their typical conical form and their 
craters uninjured. The older are for the most part situated 
at higher levels, and these characteristic features are absent ; 
they are connected ridges or isolated mountains composed of 
pillared basalt, or trachytic rocks, frequently reposing on 
granite. Whereas it is clear that the younger craters and 
cones of loose ejected material and lava are of true volcanic 
character, Montlosier claimed for the older and relatively 
higher groups of igneous rocks that they represented a single 
upheaval of an extensive viscous mass of rock-material that 
had then cooled in the elevated position. 

The Pyrenees also attracted the attention of French geolo- 
gists towards the close of the eighteenth century. Abbd 
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Palassou wrote the first full scientific description of the geolo' 
gical structure of the Pyrenees. He wot keel nearly forty 
}ea?s in this district, and in 17^2 published his /emir e// f/ic 
<?/ //i«? Pvri'mrs llnowork c‘nniprises 

ei,uht mineralogi(’al maps on a large sc'ale, and twelve plates 
with panoramic views. After tlu* prerc‘dent (nuitard, Palas- 
sou used special syniliols to distinguisli the different rocks 
and minerals on the maps; and tcnik^ t'areful observations 
of the strike and <lip. Palassou concluded that tlie whole 
mountain-chain is made up of limcslone, shales, clay, and 
granite, with a general strike* in W.N.W. and IvS.E. direo 
lion, and he gave a number of transverse; sertions displaying 
a simple and uniform structure throughout the chain. 

Palassou’s work was based upon priiu'iples which were 
already somewlflt antiquated when the work appeared lie 
believed that the sedimentary rocks had !>een deposited in the 
various inclined and horizontal positions in which he found 
them. Limestones and fossiliferous shapes of all ages were 
termed Secondary formations; no attempt was made by 
Palassou to determine systematic su!>-divisions according 
to tHe rock varieties, the fossils, or any other individual 
feature, and he discarded the ‘dransitionar* series of forma- 
tions betw^een the primitive granitic rocks and the Secondary 
formation. 

Among the varieties of rock a diabasic rock containing 
uralite was described for the first time under the name of 
Ophite. 

An engineer, Picot de Lapeirouse, published a finely illus- 
trated work on the Rudistes or Hippuritid®, a#fossii Lamelli- 
branch family represented in great numbers of individuals in 
the Cretaceous deposits of the Pyrenees. This remarkable 
genus had been discovered by Abb^ Sauvage in the Cevennes 
mountains forty years previously. Unfortunately Lapeirouse, 
beautiful as his illustrations are, entirely misjudged the place 
of these fossils in the animal world, and called his work A 
Description of several new kinds of Ori/ioceraiiies Ostraeiks 
(Erlangen, 1781). 

Ramond de Carbonnibres contributed several geological and 
pajseontological works on the Pyrenees, He was an enthusi- 
astic mountaineer and made a special examination of Mont 
Perdu, which was then thought to be the highest summit of 
the chain. He proved that this summit was not composed of 
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granite as had been supposed, but of Secondary ” limestone 
containing numerous marine fossils. Ramond also drew atten- 
tion to the presence of horizontal and inclined strata, and to 
the fan-shaped form *10 which the inclined strata were often 
arranged. 

Johann von Charpcntier (1786-1855), the son of Wilhelm 
von Charpenticr (p. 38), travelled as a young man for 
four seasons in the Pyrenees (1808-12). The geological 
work which he published in 1823 was for a long time the 
standard work upon these mountains. The younger Charpen- 
tier agreed with Palassou and Ramond regarding the parallel 
trend of the strata along a definite strike, and demonstrated 
that the sedimentary strata slope away from the granite core of 
the chain. Pie established for the first time that there was 
a transverse fault through the whole breadth of the chain 
between Montrejeau and Perpignan, the eastern part of the 
chain having been displaced to the north relatively to the 
westerjj portion. 

As a student and follower of Werner, Charpentier, like 
Palassou, supposed that the aqueous deposits had consoli- 
dated in their inclined position, and gave no credence to^ ideas 
of subsequent uplift and disturbance. He distinguished eight 
formations, in ascending order — granite, mica schist, primitive 
limestone, transitional limestone, red sandstone, Alpine lime- 
stone, and Jura limestone, ophite and terrigenous deposits 
(Tertiary and Diluvium). Charpentier gave little attention to 
the fossils, therefore not infrequently made blunders with 
respect to the age of the stratigraphical deposits. For ex- 
ample, Char^ntiePs “primitive” limestone corresponds to 
Silurian and Devonian formations; his “transitional” lime- 
stone, containing belemnites and ammonites, corresponds to 
the Jurassic formation; his “Alpine” limestone to Cretaceous 
and Lower Tertiary rocks. In spite of these shortcomings, 
Charpentier’s work was one of the most important of his time. 

Occasional observations had been made on the ** Paris 
Basin of Deposits” by Guettard, Desmarest, and others; 
Lamaoon gave special attention to the beds of gypsum near 
Paris, and rightly regarded them as the deposits of a fresh- 
water lake. De la M^therie had attributed them to volcanic 
origin. Lamanon, however, found fossil specimens of a fi*esh- 
water mollusc m the interstratified marls, and in the gypsum 
bones of terrestrial mammals different from those of living 
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species. The great chemist Lavoisier made seveial geological 
sections through the Paris basin, ant! pointed out the alterna- 
tion of littoral and pelagic deposits. I'he stratigraphical 
succession established by Lavoisier was addecl to by (loupe's 
detailed examination of expouires in the vicinity of Paris. 

Hie greatest work on tlie Paris basin'’ appeared in iSoS, 
in ilhijimr/ia/ des J/i/ies and Afimitlvs da Mu shim, 'The authors 
wtre Brongniart, Professor of .Mineralogy in the Natural 
History l^luseum in Pans, ami Cuvier, the fonious zoo- 
logist and pahuontologist. Hiey drew ii|) a systematic: table 
of the succession of stratigraphieal horizons in accordance 
primarily with the secpience of the depewits in the gruunth 
and with the particular fossils charactmising eaiih group of 
deposits; the varieties of roc'k, and tlu^ thickiKcsses and dis- 
tribution of diffesent deposits were also fully considered. The 
following are the formations, in ascending order from the 
(h*etaccoiis rocks, as they were recognised in tlie first w’ork by 
Brongniart and (juvier : - 

y. Loess clay and pebble deposits, containing l)ones of large 
terrestrial mammals. 


Now rank 
as 

Oligocene 

deposits. 


Now rank 
as 


8. Unfobsiliferous millstone quartz and fresh- 
water limestone of Beauce (Orleans), con- 
taining species of Planorbis, Oyclostoma, 
Helix, and terrestrial plant remains. 

7 Sandstone, without moliuscan remains (Fo'n- 
tainebleau sandstone). 

6. Siliceous limestone, a facies of deposits 5 
and 7 present in the southern parts of the 
basin. ^ 

5. Sands and sandstone with moliuscan re- 
mains (Fontainebleau sandstone). 

4. Gypsum and fresh-water marls, etc., with 
Planorbis, Linnaeus, etc,, passing upward 
into marine oyster beds. 


Sands and coarse limestone series of Paris. 


Eocene 

deposits. 


Plastic clay without fossils. 


I. Cretaceous rocks ; fifty fossil species were enumerated in 


' the chalk deposits. 


A second and larger work was issued by the same authors 


in 1 81 1, with a special part devoted to geological descriptions, 
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maps, and sections. The stratigraphical succession was 
slightly changed ; eleven sub-divisions were recognised instead 
of nine, the millstone quartz in No. 8, and the marine oyster 
beds in No. 4, being*erected into independent sub-divisions. 

Upon the basis of their measurements of the thickness of 
individual deposits, Brongniart and Cuvier were able to arrive 
at definite conclusions reprding the configuration of the chalk 
surface before the deposition of the plastic clay. They demon- 
strated that the clay had beef! deposited upon an irregular 
surface of pre-Tertiary hills and valleys, and that, owing to the 
inequalities of the base of deposit, neither the clay nor the 
succeeding coarse limestone series extended over the whole 
area as connected layers. After the deposition of the coarse 
limestone, the sea withdrew, and the Paris area then became 
a fresh-water basin in wliich calcareous, ^psiferous, argil- 
laceous and marly sediments successively accumulated. The 
gypsiferous strata were thickest in the middle of the basin, but 
neithe* they nor the fresh-water sediments were smooth layers. 
It was only when the sea once more had ingress and brought 
into the basin immense quantities of sand that an even surface 
of deposit was attained. Again the sea retreated, and tbe area 
became one of marshes and lakes in which the younger cal- 
careous and siliceous deposits gathered; as the area continued 
to emerge the surface was eroded, and valley depressions and 
uplands took shape which were quite independent of the pre- 
Tertiary configuration. 

The importance of this work for geology will be realised 
when it is remembered that with the exception of formations 
I and 9, all otiier formations in Brongniart and Cuvier’s Table 
were unknown in Werner’s system of the rock-succession 
(p. 58). Afterwards it was demonstrated that many of the 
fossils of the Paris basin agreed with the fossils in the deposits 
near Verona which Arduino had termed Tertiary deposits. And 
the series was then incorporated in the chronological succession 
of the rocks as the Tertiary formations. 

This was also the first French work which adopted the 
method introduced by William Smith in England ten years 
previously, of determining the respective ages of the rocks by 
means of the fossils contained in them. And in this sense J:he 
work had a revolutionary effect on French geology. 

In a later publication Brongniart extended his observations 
to the fresh-water deposits of other neighbourhoods — Orleans, 
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Lc 3kfans. Ainilav, and Liniagne. Brartl rovrred a wider fii'lil 
of lesearch, an<l still furihei to the iiu’i'sli^alioii of the 

fu sli-watci and Ihrir fo»ils I’J -v//t7/V,f Jh Mnuum^ 

I Sot), I Si Cl. 

dlie /oolo^i.-t, Vv i'erussar, rnadi' a sprna! roseaixR esf tlie 
inollu^t'an spmt's in the fu-shovatt^r liinoslone luxir in 

<diK'i< y, and in Sj'ani. IHs puhliiMtiDns in iht; Mcnnais of 
the InHitiitc iiSie and iHi^) pnnvtl that of alndiL ei^^hty five 
species !n*arly all had iHToinen'Xtinct : a'fcw, luiwcver^ coiihl 
Ih* idcnlilKHl with ^pc^es still living in disianl ncighhoiirlioocis 
or indigenous io (Antral luiropio Ferussac conlirinetl Prong- 
niart in his opinion that the mollosean species could be used 
to deternnne iho ago of fresh water deposits. 

So niucli interest had iieen aroiMal in tliese Oligoconc 
deposits that Omalius d’HalU^y,^ the Pcigian gtxdogist, made 
an examination of the scries in Auvergne, Vclay, and in parts 
of Italy and (leiniany, and in all cases proved conclusively 
that the fossil remains had been imliedded in the deposits of 
fresh-water marshes, and were not remains which had been 
accidentally s\sept into marine deposits. 

Tho- Belgian geologist supplemented the observations of 
(duvier and Brongniart with great success. With unceasing 
diligence, lie conducted geological tours on foot during ten 
years, and as a result he was enabled to produce a geological 
map of France and the adjoining territories of Belgium, 
Germany, and Switzerland. The map gave a faithful represen- 
tation of the distribution of the leading geological formations. 
It was first published in 1822, on the scale of i : 4,000,000, 
and was in later years improved and incorporatec^in DTIal!oy*s 
Text-lwok of G€oIo*^\ 

Early in his career, D'Halloy had regarded the position of 
the strata, their horizontal, slightly or highly inclined, or 
vertical position, of great importance in determining the age 
of the strata. He thought the horizontal strata corresponded 
to Werner’s ‘‘Flotz formations,” and all inclined strata to 

* Jean Baptiste Julien d’Omalius d’Halloy, horn 1783 in Lit%e, the only 
son of a lich aristocratic family, came under the influence of Brongniart, 
Cuvier, Faujas, and Lamarck in Paris; he devoted himself from 180410 
1814* wholly to the pinsuit of geological researches in France, Belgium, 
and the neighbouring districts; in 1815 was appointed Governor of the 
Province of Namur; afterwards a hlember of the Belgian Senate, and 
President of the Academy of Sciences in Brussels; died 1875. 
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Werner s 'Fransitioiial formations.” But his subsequent visit to 
the Alps and Jura mountains caused him to modify these views- 

He accomplished jiew and important work of investigation 
in the Carbonifcrous* districts of Belgium and the Rhine Pro- 
vinces. He showed the extensive development of the highly- 
lilted slate formation in the Ardennes, the Eifel and Hunsriick, 
and pointed out that in the Rhine IVovince and in the Pala- 
tinate (Pfalz) this fofination had been penetrated by volcanic 
rocks. The productive horizoifs were chiefly developed in the 
northern I'rcnch provinces, Artois and Boulonnais, while the 
fossiliferous strata beneath the coahbearing scries were best 
developed in the liennegau. Thus Omalius dlialloy laid the 
foundation of geologic'ai knowledge over wide areas. His 
more detailed works arc those which deal with the Tcitiary 
deposits of the Paris basin, lie united htwizons 5 and 7 in 
the classification system of Brongniart and (luvier, and traced 
the topographical distribution of each horizon. 

Th# hill of Petersberg, near Maestricht, Avas made the subject 
of a local monograph of high excellence by Faujas dc Saint- 
Fond. The chalk series of this district has since been recog- 
nised as the uppermost hoiizon (“Danian Stage”) the 
Cretaceous formation, a stage absent in the British develop- 
ment, but of very great interest from the intermediate 
Cretaceous-Eocene character of the fauna. 

The monograph of haujas de Saint-Fond begins with a 
description of the hill and the deposits, more especially the 
system of caverns and tunnels that had been excavated in the 
rock. In the paljcontological portion, the first specimen 
described is d^he huge reptilian skull, Mosasaurus Camperi^ 
that had been found in these deposits in 1770. The specimen 
originally belonged to a physician of the name of Hoffmann, 
but, as the result of a lawsuit, it came into the custody of the 
Canon Godin, and finally, after the siege of Maestricht by the 
French in 1795, it was demanded as booty of w^ar and trans- 
ferred to the Paris Museum. The famous anatomist, Peter 
Camper, had examined the jaw of a similar fossil animal and 
identified it as the remains of a Cetacean, nearly allied to the 
genus Physeter, whereas Faujas tried to demonstrate that it 
represented a fossil crocodile. Both indications were proved 
erroneous by Cuvier, who identified the remains as those *of a 
marine serpent-like reptile, and placed the genus Mosasaurus 
among the lizards, in near relationship to the genus Varanus. 
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Other remains from the Xfaestricht f:hnlk that: had been 
erroneously classified by Fauj.is and his precleci ssors were 
.some Inr^e marine chdonian.s, which Chivier again was the 
first to identify correiily. 

Faiijas' des<Tiplions and illustrations t>f Invmleliratt^ groups 
were particularly good. Only the want of an ade{|iiatc 
scientific terminology, distinguishing the original specimens 
ara-oiding to genus and species, has prevented the monograph 
from taking a permanent }>lare in llic wmks of posterity, as k 
must otherwise have done, luiujas himself seems to have had 
no further aim in view than to sliow how important the 
accurate description of the fossils of one limiU:d locality miglit 
he for paltconUdogy and geology, inasmurli as tht^se de.scrip- 
tions could be used us a definite basis of comparison with the 
fossil remains in dtber localitie.s. 

There is little to relate about the geology c>f the Iberian 
Peninsula at this period. After the brilliant successes 
achieved by the Spanish and Portuguese mariners in the fif- 
teenth and sixteenth centuries the sciences became neglected, 
more especially the natural sciences. The first work devoted 
to Spifnish fossils in the vSpanish language was written by 
a Franciscan father, Jose Torrubia (T/ie Natural Bisiory af 
Spain, T754). The author had travelled in America and the 
Philippines,, and had collected fossils and minerals from 
various lands. He drew up a complete list of ail localities 
where fossils had been found, and gave illustrations of the 
Spanish fossils on fourteen large plates. Minor works were 
published on local physical and geographical relations by 
Bowles, an Englishman resident in Spain, and by the Spanish 
botanist, Cavanilles, on the occurrence of fossils in the province 
of Valencia. 

E. Great Britain , — Eesearches into the constitution and 
history of the earth were always held in high regard in Great 
Britain. The natural wealth of the country in coals and useful 
minerals, the early development of mining and smelting, the 
frequent discovery of well-preserved fossils, had all contributed 
to awaken widespread interest in a knowledge of rocks. Many 
w^hojiad less sympathy for the scientific aspect of the subject 
found themselves attracted by the literature that was called 
forth in the effort to bring each new geological fact as it came 
to light into harmony with the tenets of Biblical inspiration. 
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Thus, in addition to strictly empirical writings, there grew up 
an independent speculative literature in which the names of 
Whiston, Burnet, and Woodward aie prominent. 

Towards the; end* of the eighteenth century, in 178c), John 
Williams, tlii center of miims, publishctl a A'aiurai JIisi(>ry oj 
ike Mineral KlnM^m^ with a tlescription of the coal-beds and 
their occurrence in Clreat Britain, which was remarkably com- 
plete. Williams was a violent opponent of Hutton, whom he 
blamed for disbclienii the Deity. 

The hazy suggestions of Robert Hooke and others, that 
fossils might pcrluaps be of use in identifying the chronological 
order of the rocks, had remained unheeded for more than 
a century. The greatest straligraphers on the Continent, 
Lehmann, Fuchsel, Ardiiino, had directed their attention far 
more to the constitution of tlic rocks than 19 any benefit that 
miglit be derived from a study of fossils. Ciraiid Soulavie 
and Buffon had conceived some idea of the floras, but had not 
ascert^^ined any sure method of applying such variations to 
problems of historical geology and stratigraphy. 

William Smith, ^ an English engineer, was the first to 
recognise the importance of fossils in their full signific%iice as 
a means of determining the relative age of strata. Born in a 
county that was unusually lich in fossil remains, he had in his 
boyhood abundant opportunity of observing and collecting. 
As assistant to a land-surveyor he became intimately acquainted 
with the counties of Oxfordshire and Hampshire, and with the 
surroundings of Salisbury and Bath, 

^ William Sn^th, bora on the 23rd March 1769, at Churchill in Oxford- 
shire, son of a farmer, received a scanty elementary education at the village 
school ; managed, however, to train himself to some extent in geometrical 
studies, and entered at the age of eighteen as an assistant in a land- 
surveyor^s office. He was afterwards employed as engineer in the con- 
struction of a canal in Somersetshire, and practised independently as land- 
surveyor and civil engineer. He lived in London from 1801 to 1819 ; in 
1828 he became factor for the estates of Sir John Johnstone. After the 
Geological Society was founded, William Smith was in 1831 the first 
recipient of the Wollaston medal 5 in 1835 the University of Dublin made 
him an honorary Doctor of Laws ; and in 1838 he was a nlember of the 
commission for the building material of the Houses of Parliament. During 
the later years of his life he was in poor circumstances ; a small pension 
was granted to him by the Government, and he died unmarried at 
Northampton in 1839. (Biography of William Smith in Sedgwick’s 
Presidential Address, Froc. GeoL Soc, London^ 1831, p. 279 ; John Phillips, 
Memoirs of WiUiam Smiihi 1844.) 
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In 1791 he o!>scrved the agreement of the red nm \ and the 
Lias near Bath with the euru'Spoiitling strata in Glnuccbtur- 
shire, and also their uncunfurmahlc 4)f)siutMi upon the 
Caihuniferous hn'iiKUlon For twenty five r years William 
Smith continued his invt*stiL,ationK in all pans of Engliiicl ; 
ho entered ins o!)serYalions in ('oluiirfd g«,a)Io;4ieal inripSj and 
compiled them from time to linn^ in the form of tables or as 
explanatory notes to his maps. He uLo garried out a scheme 
of arranging a coUeetion of fossils aceording to the siicression 
of strata; his own eoiiection was acf|uircd by the British 
Museum, and is still exhibited there. After Ins long period 
of field observations, “William Smith came to tine conclusion 
that one and the same succe.ssion of strata stretched through 
Engdand from the south coast to the east, that each individual 
horizon could Ifo recognised by its parti<mlar fossils, that 
certain forms reappear in the same !)eds in the different localities, 
and that eacli fossil species belongs to a definite horizon of 
rock. ' ^ 

Like his famous contemporary Werner, William Smith also 
had a disinclination for writing ; on the other hand, he was 
aiway^wiliing to communicate the results of his investigations 
orally. It is told of him how in the year 1799 he made the 
ac(|uaintance of the Rev, B. Richardson, in Farley, who owned 
a large collection of fossils from the neigh!)Ourhood of Bath. 
To RichardsoiYs astonishment, Smith knew better than the 
owner himself where the individual species had been found 
and in which particular horizon of rock. 

Then a dinner was arranged, at which William Smith met 
another enthusiastic fossil collector, Rev. W. liownsend, and 
William Smith consented to dictate a table of the British strata 
from the Carboniferous to the Cretaceous formation. The 
table of strata was rapidly copied and distributed among 
geologists. The original manuscript, written by Richardson 
and dictated by Smith, is in the possession of the Geological 
Society in London. In this first table of Smith's the successive 
strata were indicated by numbers. 

But Smith was not content with the determination of a 
chronological succession of strata; he traced their surface 
outgrops, and thus built up the material for his maps and 
sections. He laid before the Board of Agriculture a 

series of memoranda and geological maps which were 
published between 1794 and 1821 in the form of 
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excellently printed detail-maps of fifteen counties. These 
maps were on such^a large scale, and so full of details, that 
they had a limited girculation. Smith therefore conceived a 
plan to publish*a geological map of England and Wales on a 
small scale, that should show accurately the course of the 
surface outcrop of each stratigraphical horizon, and should be 
accompanied by geological sections to the true scale of the 
map. The prelimii^ry sketch of this plan was drawn up in 
i8oi, and may be seen in the Archives of the Geological 
Society; but it was 1812 before Smith found a publisher to 
undertake the map. In 1815, the famous map of England 
and Wales appeared, consisting of fifteen sheets in the scale 
of I inch to 5 miles. The complete map is 8 ft. 9 in. high 
and 6 ft. 2 in. broad. The individual strata are indicated 
by different colours, and sometimes the basts of a stratum is 
marked by a darker line of the ground colour. 

Smith’s map is the first attempt to represent on a large 
scale l^e geological relations of any extensive tract of ground 
in Europe. It was a magnificent achievement, and was the 
model of all subsequent geological maps. For English 
geology, the publication of the map was the starting-p^int of 
a new Smith gave an explanatory text of fifty 

pages, in which he introduced a stratigraphical terminology 
adopted from the local names in practical use (Lias, Forest- 
Marble, Cornbrash, Coralrag, Portland Rock, London Clay, 
etc.), and these names of horizons have for the most part been 
retained in geology to the present day. 

Between 1816 and 1819, Smith began a work entitled 
Strata identijkd by Organised Fossils^ containing prints of the 
most characteristic specimens in each stratum. Four volumes 
appeared containing the description of sixteen strata and 
their characteristic fossils, from the horizon of Fuller’s Earth 
to London Clay, but the work was never completed. In 1817 
he prepared an ideal geological section across England from 
London to Snowdon, and the section was afterwards intro- 
duced into most text-books. A contemporaneous account of 
Smith’s results and his terminology was published in 1818 in 
a small book written by William Phillips. 

William Smith was a self-taught genius of rare originality 
and with exceptionally keen powers of observation. Without 
much intellectual cultivation, without any introductory 
teaching, without any means at his disposal, and at first even 
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without the encouragement and sympathy of colleagues in the 
study which he loved, his own unflinching determination, 
noble enthusiasm, and remarkable insight enabled him io 
elucidate the structure of his native lamf witli such cliMriicss 
and accuracy that no imijortani alteration has had to be made 
in his work. Smith confmed himself to the eiiipiiical 
investigation of his country, and was never tciii|)led inU) 
general speculations about the history of formation of the 
earth. Idis greatnes.s is based upon thfs wise nsiraint and 
the steady adherence to his definite purpose; to these 
qualities, the modest, .self-sacrificing, and open-hearted student 
of nature owes his well-deserved reputation as the ** Father of 
Knglisli Geology.'^ 

Soon after tiieir publication, Smitifs researches were 
productive of re«ults which he could never l^ave anticipated 
It was found that the strata described by him from tlte Idas 
to the Fur beck horizons filled t!ie great gap between the 
Muschelkalk and the Cretaceous formatioits in Warner’s 
system. European geology was tlms enriched !>y the accurate 
knowledge of an important series of fossiliferous geological 
horizoiis, and the equivalents of the Phiglisli Lias, C!ornbrash, 
Portland and Purbeck series were sought for and discovered 
in various parts of Europe, 

George Greenough,^ the founder of the Geologira! Society of 
London, published a geological map of England and Wales 
in 1819, soon after tl:|p appearance of W, Soiithls* I1ie 
topographical groundwork and technical workmanship of 

^ George Bellas Greenougb, born 177S, at first studied Ww at Cambridge 
and Gottingen, but under Blumenbaclfs guidance turned to natural science, 
and afterwards studied mineralogy and geognosy with Werner in Freilxjrg ; 
travelled in Germany and Italy; became a Member of Parliament in 1S07, 
and in the same year, on November ijlh, foundeti the Geological Society 
of London; died 1855 in Naples. The Geological Society has exer- 
cised a strong and favourable influence upon the development of geology 
in England. The aim in founding the Society was to unite all the English 
geologists, and to keep alive and encourage the interest in geolc^y by the 
regular publication of memoirs, Tmmac/miSi and shorter reports of the 
communications made at the meetings. The fir?.! of six volumes of 7hms- 
appeared in iSll. Much later, in 1845, 7’ramac/m^s^ published 
in quarto form, were replaced by the Quarferfy /mirmi, fifty-two volumes 
of ^^ 4 ^ich have now been published, anti have upheld the high quality 
of the Society’s publications. Mr. Grecnough, the first President of the 
Society, helped vepr considerably to supply the means for endowment of 
the Geological Society* 
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Greenough’s map were particularly good * the geological 
cploiiring embraced Smith's results, and ms partially founded 
"iipon his own obsery^ions. The original eclition appeared in 
six sheets; in 1,826 a reduced map was published and at ,ofc^ 
obtainecj a wide circulation. New and improved editions of 
Gt^enodghV map contitiue io appear gt the present day, and 
a long tin^^ this -mhp, was the best that existed. 

Smith's example gave a new^ impulse to geological work 
■ John MacCulioch,^ a physician in private practice, gave up his 
practice. a»d, devoted himself between 1811 and 1821 to the 
geological investigation of Scotland. The first fruits of his 
important labours were published in 1819 in’ his Description 
of the W. I of Scotland, In 1826 he was commissioned by 
the Minister of Finance to prepare a geological map of that 
country. This large undertaking was completed in 1834. 
There wei% however, no detailed topographical maps of 
Scotland available at that time, and MacCulloch had to enter 
the geological colours on the meagre topographical basis of 
the Arrowsini^h map. MacCulloch's map was published 
posthumously in 1840. It frequently passed under the ^ame 
of the author of the topographical map, and received on its 
appearance little attention even from geologists. Nevertheless, . 
MacGulloch lyas one of the pioneers of British mineralogy and 
geology. 

The conntr/ which he investigated was bristling with com- 
plexities diiSculty of every kind, but a wide mincralogical 
knowledge "ind experience stood him in good stead, ie 
built up a thorough groundwork for the general features in the 
distribution of rock-varieties in Scotland. '^Although' a 
little unwHlipgly at first,* owing to MacCulioch's personal 
peculiarhies and unpopularity, his* memoirs have long been 
recognisW as classical works in the history of British geology. 
They' arS characterised by accurate mineralogical determination 

^ John MacCulloch, born 1773 in the island of Guernsey, of Scotch 
descent, was educated in Cornwall, and studied medicine in Edinburgh, 
lie became so enamoured of mineralogical studies that in 1811 he gave up 
his practice, and in the same year he communicated to the Geological 
Society several papers on the structure of the Channel Isles and Heligoland, 
In 1S14 he was appointed a geologist on the Trigonometrical Survey. He 
belonged to no particular school; he frequently fell into scientific disputes 
with«hl^ contemporaries, and was very unpopular on accoupt of his per- 
empto^ way and jealous temperament. He died in 1S35, through a 

carriage in Gnmivi^U. 
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of the rocks, and by their n^xtraouliiiary luiiiiher of eno*fiil 

observations- 

Farcy pu!)lisheil a Gt ^:crai I /e:e f/ic - I'^rk'n/fare ttkif 
jl/weni/s kf DerM's/W'n^ in 1815, with lA'ulu^aiva! seciuma and 
maps. Thomas Webster and FroiV.vM'n* WiHiain lUirklandt 
studied the character and distribution of the younger sedi- 
memtary rocks of luigland. Fuc’kland described in detail 
the pebble and .sand dcpo.sils above thy; Tediary formations 
and below the very youngest* fliiviatile, lacustrine, or marine 
deposits. He identified the widehHlistnbuled pebble-beds 
with the epoch of the universal I>eluge, and called iheni 
Dihwia/ deftf/iis; the youngest deposits lie termed /krA 
di7uvfai (alluvial) de/ri/us. He also made a largrt cr)Ilection of 
fossils from the laassic and Oolite seric.s in the AlJdlands, and 
followed Williaifi Smith's iniliativt^ in working nut successive 
horizons upon palmontological evidence. Auckland's system 
of the Secondary formations, more especially of the Jurassic 
formation, has remained a model of clearly defined p:t 4 monto- 
logical horizons of strata. 

The magnificently-formed basaltic pillars of Staffa, the 
Gianfs Causeway, and County Antrim eariy attracted notice. 
Pennands r/ 7>arei (1774) gave descriptions and illus- 
trations of these, without attempting any explanation of their 
origin. John Whitehur.st (1786), the Rev. William Hamilton 
{1790), and Abraham Mills {1790) advanced tine idea of a 
volcanic origin, and Faiijas de Saint-PWnd, after a journey in 
Scotland and Ireland, supported this explanation. 

On the other hand, Kirwan (1799) and the Rev, William 
Richardson (1808) reported the discovery of fossils in the 
basalt of Ballycalla, near Portrush, and consequently advocated 
the aqueous origin of basalt, trap, granite, etc.; but Playfair 
proved that the supposed fossiiiferous basalt of Portrush was 
only metamorphosed Lias. 

Contributions to the geology of Ireland were made by 
Conybeare and Buckland (1813), Vaughan Sampson (1814), 

1 William Buckland was born 1784, the eldest son of the Rev. Charles 
Buckland, at Axminstcr, in Devonshire ; studied theology in Oxfoid, and 
was a Fellow of Christ’s College theie. In 1813 he was appointed 
Professor of lilineralogy, and in 1819 was made in addition the first Pro- 
fessor of Geology in Oxford ; in 1845 he became Dean of Westminster. 
He, died' 1S56, held in the highest respect and esteem by all English 
geologists. {The Life ami Corresfamiente of IViiiiam Utickiami^ by his 
daughter, Mrs. Gordon; London, 1894 ) 
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and Dr. J. T. Berger, of German birth, who had been trained 
in Werner’s school Berger’s description of the geology of 
N.E. Ireland, published in i8i6, with a preface by Conybeare, 
has proved fundamental in the geological literature of that 
country, while the geological maps of Ireland, published by 
Richard Griffith in 1834 and 1838, afforded a complete general 
survey of the stratigraphy. 

In Scotland, Robert Jameson (1774-1854), an enthusiastic 
pupil of Werner, tried to establish Neptunian doctrines. He 
founded a Wernerian Natural History Society in Edinburgh, 
wrote a Text-hook of Geog?iosy upon Werner’s principles, 
and was for fifty years Professor of Geology in Edinburgh 
University. Pie and his students made many valuable 
researches in Scottish mineralogy, petrography, and geognosy, 
but their biassed Wernerian view of the rock-formations 
prevented them from attaining any real insight into the 
complex stratigraphical relations of the sedimentary deposits 
in Scotland. 

Hutton strongly opposed the Neptunian teaching of 
Jameson, which was contrary to all his experience in Scotland. 
On one occasion in 1783, when Hutton was on a visit tc? the 
Duke of Athole, he happened to observe red granite dykes 
near Glen Tilt, in the Grampians, penetrating black mica 
schist and limestone. He was so overjoyed at the sight that 
his companions could not understand what was the matter, 
and thought Hutton must have discovered a gold-mine in the 
rocks ! Afterwards at Cat’s Neck, Hutton saw dykes of trap- 
rock intruded in all possible directions through sandstone. 
These observations formed the basis of his paper “ On 
Granite,” wherein he proves that granite is frequently younger 
than sedimentary aqueous deposits. John MacCulloch 
brought subsequent confirmation of Hutton’s views by 
showing that intrusive dykes of basalt, porphyry, granite, and 
other varieties of igneous rock, abound in the Western Isles of 
Scotland, and that the stratified deposits have been altered at 
zones of contact 

F. Scandinama and T?essi( 7 . — The first Scandinavian scholar 
who interested himself in the history of the earth was Urban 
Hiarne (1641-1724). Plis work, published in 1694, draws its con- 
ceptions of the earth’s interior chiefly from Athanasius Kircher. 
While he recognised fossils as the remains of organisms, he 
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supposed these (»Eeani^ms had roine into exisltiice afUT the 
Delugi'. To the. epoch of the Deluge li<‘ also atiiiliiited 
gigantic ^^;^tur!ul^^es of the eji ill's sunare that had uplifted 
gnaat pnrti«aiH S('andina\ia niid thrown other ari'as into llic 
interior of tht‘ earth. He tliouglU that frefpicjit rcciirrencx'S 
of disfurhanta^ had taken place, elevating aiul disstroying 
moiintaiinsysteins and (‘ontinent.s. 

Hiarnefs woik was wrillen in his own hnguage, ant! was little 
read {Uitside Swediui, The scientific writings of IhnaniUfl 
Swedenborg, tlu‘ religitais enthusiast, wen* more wi<k‘ly read. 
Swcdeiiliorg (ihSH-iyja), wiio held for a long time tint post of 
Assessor of Minxes in Swa-den, took a great interest in fossils, 
and in his Oi^mvaihns of Naiura! Thinf^s (1722) la* 
mentions and descrihes a large number of Hwedish fossils. 
He thought the fossils found in higfi tablelands and mminlains 
had been left there !>y the liuod ; lu: regarded the trap-rocks 
(Swed. traffic a stair, from the characteristic weathering) as 
aqueous sediments, and referred volcanic plienomen!! to the 
presence of molten reservoirs within the solid crust of the 
earth. 

A work devoted to palaiontological details was published in 
1727 by Magnas von Bromell ; his Liihographia Suecana 
treats of trilobites, corals, and gastropods from Gothland, and 
of graptolites and plant-remains in calcareous tuff. Another 
author, Kiiian Stobreiis, described the first known Ammonites 
and the so-called Brattenburg pennies ” from the Cretaceous 
deposits of Schonen. The year 1743 was signalised by the 
publication of the famous observations made by Anders 
Celsius on the sinking of the sea-level in the Gulf of Bothnia. 
Celsius reckoned the lowering of the sea-level at 450 ft. in 
10,000 years. ' 

Carl von Linne (1707-78) published in 1756 his account 
of a geological tour that he made as early as 1741 witli six 
students to Oeland and Gothland. At West Gothland Linnaeus 
had investigated very carefully the horizontal strata of the 
“transitional formations” (now identified as Silurian and 
Cambrian), succeeded by a series of trap-rocks well exposed at 
the Kinnekulle hill. A typical section through the Kinne- 
kulle hill was drawn up by Johan Svensson Lidholm, under the 
guidance of Linneeus, and it was taken as a standard for 
the stratigraphical relations throughout Sweden. Linnreus 
assigned the trap or igneous series to aqueous origin. In 
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1749 he examined the Cretaceous rocks in Schoneiij and in 
the last edition (1768) of his Sysiema Isfaiiirm he gave a 
complete list of the fossils known to him, and arranged them 
according to their occurrence in his system of the rock 
succession. He arrived also at remarkably clear conceptions 
about the accumulation of different kinds of sedimentary 
deposit upon the floor of the ocean. 

While Linnaeus was a true empirical observer, and may be 
regarded as the founder of constructive geology in Sweden, a 
contemporary of his, Tobern Bergman (1735-84), inculcated 
theories regarding mineral structure and the constitution of 
the earth^s crust which were largely adopted by Werner, and 
were thus destined to wield a European influence. His 
Physical Desc?-i^tion of the Globe (1769) was translated into 
German, and was the foundation of the Wernerian doctrine 
that the earth’s crust was composed of successive strata of 
different thicknesses and constitution, but uniformly envelop- 
ing the^spherical earth; further, that these have arisen as 
chemical precipitates, and not simultaneously, but gradually 
during protracted epochs of time. In addition there were 
deposits accumulated by mechanical means and volcanic 
rocks. He classified the rock-succession in four sub-divisions : 

(1) Prmiiwe rocks, comprising the chemical precipitates; 

(2) the Flotz series, comprising sediments of mechanical 
origin ; (3) transported rocks ; (4) volcanic rocks. 

Daniel Tilas (1712-72) made a special study of the erratic 
blocks and superficial pebble -beds of Sweden. He wrote 
strongly on the importance of petrography, and to his warm 
advocacy Sweden doubtless owes the preparation of its earliest 
geological maps: the map of West Gothland by Hisinger in 
1797, and the maps of Nerike, gchonen, West and East 
Gothland by Gustaf Hermelin, published between 1797 
and 1807. Both these authors contributed an explanatory 
text to their maps, and thus laid the basis of stratigraphy in 
Sweden, Hisinger (1766-1825) wrote a general description of 
the mineralogical relations of Sweden; and the second edition, 
soon after its appearance in 1808, was twice translated into 
German. This work contains a historical review of all the 
facts known about Swedish rocks up to that date, and applks 
Werner’s systematic arrangement 

The oldest information about the geography, minerals, and 
rocks of Norway is to be found in Erich Pontoppidan’s Natural 
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History of Norway, 1753. €11 the beginning of the nineteenth 
century, Werner’s scholar, Jens Esmarch, conducted mineral- 
ogical investigations in Norway. J. I- hiausmann travelled 
through Scandinavia in 1806 and 1807. His- chief aim was to 
investigate the mining districts of Sweden and Southern Nor- 
way, and his account of the journey, which was puljlislied 
several ycais later, contains a large number of valuable observa- 
tions on the minerals and ores of tl;,ese districts. It aEo 
embraces detailed descriptions of the Canibrian rocks near 
iVndrarum, the hrmoiis section at Kinnekullo, and oilier features 
of geological interest, Hausmann was the first scientific 
observer who noted the position of the granite ahve the 
“transitional” limestone formation in the neighliourhood of 
Christiania, and the first who described the zircon syenite of 
the Langensund (cf. p. Hu). 

But Leopold von Bucli’s /oNr^iey to Norway and La/^iand 
(Berlin, 1810) was the work wiiich hrst gave European geolo- 
gists an insight into the general geological structure of •Norway. 
The novelty of many of the districts traversed, and the author’s 
genius for the narration of scientific observations, combined to 
secifi'e immediate popularity for this ivork. 

On the journey to Scandinavia, Leopold von Buch passed 
through Mecklenburg, Hamburg, Holstein, and Copenhagen. 
He gave full notes about the erratic blocks, and the white 
chalk of Moen and Stcvensklint. The journey to Christiania 
was carried out by land, the route leading across the Swedish 
seaboard and the coast of the Christiania Fjord. Von Buch 
confirmed Hausmann’s observation that not granite but gneiss 
was the predominating rock in this districtf* He was also 
greatly struck by the relations between the transitional rock- 
formations and the granite-grained rocks. He described the 
various kinds of rock, and showed that the porphyry penetrated 
the “transitional” formations as dykes and veins, and that be- 
tween Dramraen and Christiania a large mass of granite rested 
upon fossiliferous “transitional limestone.” This occurrence 
was at once admitted by Buch to be incontestable evidence 
that granite ’ivas not, as Werner had taught, in all cases part of 
the oldest rock-formation, although he still clung to the idea of 
the aqueous origin of the porphyritic and granitic series. In 
1808, Leopold von Buch travelled through the northern terri- 
tories of Norway and Lapland. He took geological observations 
at the Dovre Feld Mountain in Drontheim, at Lake Mjosen, 
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£ind in Gulbrand Valley; and wherever he travelled he gave 
attention to the climatic conditions, and to the habits and 
cultivation of the people. Near the town of Drontheim, 
Buch saw a coorse-gfained diallage rock, which he afterwards 
recognised again in the Alps of Valais, in Tuscany, the Riviera, 
and other places; he described it under the name of *‘gabbro.’^ 
He observed the diallage rock together with slate at the North 
Cape. His numerous observations on upraised beach deposits 
round the northeriT coast-line of Norway led him to conclude 
that the uprise in Sweden had been greater than in Norway, 
and had been altogether greater in the north than in the south 
of the peninsula. 

In Russia, the numerous remains of land mammals, 
especially the mammoth and rhinoceros, had long attracted 
attention. One of the chief aims of Johan Georg Gmelin’s 
expedition to Siberia was to look for complete remains of these 
animals and bring them to St. Petersburg {Reise durch Siberien, 
Pallas was, however, the scientist who most success- 
fully carried out this purpose, and his works were the means of 
opening up to science the geological structure of the vast 
Russian empire. The collective works of Georgi and»Razu- 
mowsky, as well as the first geological map of Russia by 
Strangways, are largely based upon the researches of Pallas, 
and partially upon the independent investigations of these 
geologists. 

G. America^ Asia, Australia, Africa . — Although no country 
outside Eurj;)pe bore any appreciable part in the construction of 
the early framework of the science, it was a matter of keen 
interest to geologists to compare the structures ascertained in 
Europe with those in other region^ of the globe. All observa- 
tions of the mineral constituents and structural forms in other 
parts of the world were much valued at home, and in many cases 
were employed as corroborative evidence in favour of one theory 
or another. In the beginning of the nineteenth century but 
little was known in Europe of the geology of foreign parts, yet 
what was known sufficed to show that the results obtained in 
Europe were in harmony with geological phenomena elsewhere, 
and might therefore be regarded as a sure scientific basis for 
future progress. 

The errors, the false hypotheses, and bitter disputes which 
had retarded the growth of the science during many centuries 
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in Europe, were spared in the case of the other continents. 
In them the knowledge so liaidly won in Europe could at 
once bo adopted, and tiie help of experien(X‘d European 
observers could be scciinjd in carrying out pioneer research 
elsewhere. Thus geological data furni^iied wflhin a few years 
in foreign lands could often bear coinparisijn wiili the results 
that had demanded many decades or cviai t'cnliiries of work 
in the European teiritories. Active co-operative research in 
the other continents did not commence until after the period 
with winch this introductory chapter deals. 

North America was first brought into the field of geological 
science. As early as 1752, (luetlard had ^examined a collec- 
tion of Canadian fossils, and had tried to apply to North 
America the sedimentary horizons which he had erected for 
Europe. Me had gone so far as to c'onstriiet a liypothetical 
map showing the distribution of the various rock-formations 
w’hose existence he had surmised. 

Of another character were the investigations of the^Scots- 
man, Maclure (1763-1840), who had been trained a.s a 
mineralogist by Werner. IMacIure published in 1809 a treati.se 
and a^niap on the geology of the United States (Yh/z/j*. Ame^\ 
jPkil Soc). He distingui.shed the rock-formations according to 
Werner’s system, and showed that the primitive rocks pre- 
dominate on the north and we.st of the Hudson, and form the 
basement in the New England States; the transitional forma- 
tions repose upon the primitive rocks and extend far west to 
the Mississippi, where the Flotz or younger sedimentary forma- 
tions begin. Maclure also gave a dear exposition of the 
distribution of the Carboniferous formation in tijp Alleghanic.s, 
in Pennsylvania, and in the West, of the absence of trap-rocks 
in the Flotz formation, and the absence of porphyry, vesicular 
rocks, and basalt in the whole eastern district of the United 
States, He fully realised and depicted the simplicity and the 
gigantic scale of geological structures in the United States. 

Maclure’s comprehensive survey of the geology of North 
America overshadows the many smaller works on local strati- 
graphical details, such as those of Jefferson, Gibbs, Bruce, 
Silliman, and others. 

Long before geological research had begun in North America, 
however, the pre.sence of mammalian remains similar to those 
of Siberia had been discovered. Dr. Mather, in 1712, reported 
in a letter to Woodward the presence of bones of enormous 
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size near Albany (New York), surmised that they must 
have belonged to a race of giants. In 1739, ^ French officer, 
Longueil, brought back to Paris fossil bones and teeth found 
in a marsh near Ohio. Daubcnton and Buffon identified 
the bones as Elephas and the back teeth as Hippopotamus 
remains. More complete fossil remains were discovered by 
Croghan and Peale, and the restoration of a skeleton was 
attempted. Cuvier, with his customary insight, recognised in 
this an extinct genus of Probcscidae, to which he gave the 
name of Mastodon. Flis great work on IMastodon gives a full 
account of all the remains of this extinct genus that had been 
found up to that time in North America. 

In a cave in West Virginia, Jefferson discovered along with 
Mastodon remains the extremities of another diluvial animal. 
Cuvier examined these, and referred them to a gigantic genus 
(Megalonyx) belonging to the Edentates. 

Throughout Mexico, Yucatan, Bolivia, Peru and Chili, fossil 
bones ,jof enormous size had been frequently found during the 
sixteenth and seventeenth centuries. In 1789, Loretto, the 
Regent of Buenos Ayres, sent a complete skeleton of one of 
these fossil animals to Madrid, and shortly after, two^other 
skeletons were sent from Lima and Paraguay. These were 
described by J. Garriga under the generic name of Mega- 
therium; they were found to belong to the Edentates, and, 
like Megalonyx, to the sub-order Gravigrada. Garriga^s iden- 
tification was afterwards confirmed by Cuvier. The first 
remains of a Glyptodon, another of these heavily-built fossil 
Edentates, are mentioned by the Jesuit Falkner in the account 
of his travels. 

Alexander von Humboldt’s observations were the earliest 
contribution to the geology of Central America. This great 
geographer applied Werner’s system of rock-formations, and 
wffierever he travelled in Central and South America identified 
the rocks in accordance with Werner’s petrographical teaching. 
He thought that the distribution of the rocks in these regions 
fully confirmed Werner’s chronological succession of the groups 
of formations. 

In Asia, the pioneer work of Pallas in Siberia and the Urals 
was continued by Patrin, who published in 1783 the Account 
oj Ms Travels m the Altai Mountains. The geological stfuc- 
ture of Central and Southern Asia, Australia, and Africa was 
still a blank in the beginning of the nineteenth century. The 
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few reports that had been ^given by travellers merely con- 
firmed the presence of volcanoes in one locality or aiicjther, 
or mentioned the occurrence of the more striking varieties of 

rociv. 

t>J Pein\:^m/^Iiy ami Pin 

In the oldcjr niineralogical lilcratuiv the roc'ks also 
received a passing notice. As a rule, a^itluas limited these 
remarks to a description of thCar external features, ('ronstedt 
removed them from this subordinate positioti, and paved tlie 
way for Werner’s creative work in establishing flic study of the 
rocks ns an in<lependent branch of (leognosy, Werner’s 
classification and description of rock-variedes, publishexi in 
1786, comprised all existing knowledge of nK'ks^ am! replaced 
the vague conevptions of former ycxirs by a series of exact 
defmitions and the introduction of a nv\\\ precise nomen- 
clature. Werner distinguished simple and ccanpositc rocks ; 
the former were discussed both as minerals and rock iorms, 
e.g, quartz, gyjisum, salt, etc., the latter were identified and 
classified according to their niineralogic'al composition and 
their age, t\g. granite, basalt, sandstone, marl, ehx 

Each rock was defined in respect of its texture, stratigraphical 
position, jointing, age, oiigin, and occurrence. In the case of 
composite rocks, the essen/iai components were distinguished 
from the accessory and the rock was classified solely upon the 
ground of the essentiai components. 

The rapid advance of petrographical knowledge during the 
first two decades of the nineteenth century was undoubtedly 
the direct result of Werner’s precise methods. ^ All observers 
during those decades gave marked attention to the determina- 
tion of petrographical features. Saussure’s descriptions of the 
crystalline massive and schistose rocks in the Swiss Alps can 
scarcely be surpassed. Monographs appeared from time to 
time on special varieties of rock. Faujas de Saint-Fond, for 
example, wrote a monograph on the “trap-rocks,” in which he 
showed how loosely this name had been applied in the litera- 
ture, so that rocks of many different kinds were embraced 
under it. 

Eerber and Dolomieu investigated the volcanic products of 
Southern Italy. Desmarcst, Faujas, and others examined the 
Egyptian porphyries and so-called basalts, Leopold von 
Buch introduced the name of gaMro, and described kudie 
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lams and trap-porphyry (trachyte) in detail; while Hauy 
introduced the names of pegmatite^ diorite, trachyte^ aphanite^ 
eupho/ide, lepfinlte. . 

Brongniart attempted a complete classihcation of rocks in 
1813, and introduced the terms diabase, melaphyre, psainmite, 
etc. Fleiirien de Bellevue and Cordier made use of the micro- 
scope for the identification of the components in powdered 
specimens, but with little success. 

The advances made in these* early decades practically repre- 
sented the progress that could be attained by the use of 
Werner’s method. A new" eia began for this branch of geology 
w'hen, in later years, the microscope was applied to the examina- 
tion of thin rock-sections by transmitted light. 

Very great interest centred round the origin of the massive 
crystalline and schistose rocks, and widely divergent opinions 
were held. The Neptunists thought that all rocks, with 
the exception of products from active volcanoes, were of 
aquedus origin. At first the Neptunists and Volcanists dis- 
puted only the origin of basalt, w"hich Tobern Bergman, and 
afterwards Werner and his school, regarded as a sedimentary 
rock. Almost all French geologists had studied bSsalt in 
Auvergne, Velay, Vivarais, or in Ireland, and adopted the 
view of Desmarest and Faujas de Saint-Fond, that basalt was 
a volcanic product. 

In Germany, Werner’s personal influence kept alive Nep- 
tunian doctrines even against sharp attacks like those of Voigt 
(p, 83). Not a few of the German geologists began to assume 
an intermediate position. Beroldingen tried to unite the 
opposite opinions by suggesting that basalt owed its origin 
to volcanism, but its form to water. The basaltic magma had 
solidified on the bed of the ocean, and its pillared, sheet-like, 
spheroidal, or crystalline form had been developed under the 
influence of water and hot vapours. In favour of this view, 
Beroldingen cited the local occurrence of Ammonites, Gryph- 
ites, and Belemnites in basalt. This observation was, however, 
afterwards found to have been erroneous. Yet in the course 
of his discussion, Beroldingen gave expression to many valu- 
able remarks about volcanic ejecta and the disintegrating 
changes undergone by volcanic rocks. C. W. Nose, an 
observer who greatly advanced the geology of the Lower 
Rhine provinces of Prussia, was of the opinion that basalt 
and porphyry originated as sedimentary deposits, but were 
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subsequently more or less altered, sometimes even fused and 
rendered glassy or slaggy. 

When, after Werner’s death, his two most famous pupils, 
I.eopold von lUich and Alexander \un IhimboUlt, declared 
themselves in favour of the vulcanic origin of basalt, the 
defeat of the strict Neptunists was healed. A historical ac('ount 
of the whole ciuestion of !)asaU, anti the disputes between 
Neptunists and Volcanists, may be rqad in Keferstein’s 
Caniriimfwns to the JJistory am! of JUudii (i8n)). 

But Neptunian doctrines still continued to be atx'rediied for 
granite, syenite, gneiss, and other membtu's of the iiolo- 
crystalline series. Descartes, Leibnitz, and Buffon laid cer- 
tainly explained the primitive earih-cru.st as the result of 
cooling from a molten mass, but they had snade nt^ aUenipt 
to explain the origin of the various kinds of primitive rock. 
It was generally supposed that granite, gneiss, sciust, pcjrphyry, 
phonolite, and similar rocks were chemical precipitates separated 
from a primitive ocean strongly impregnated with minerd sub- 
stances. Therefore Von Fichtel, writing in the end of the 
eighteenth century, show’cd an exceptionally enlightened spirit 
among^Gernian geologists when he included not only basalt 
but all granitoid, gneissosc, schistose, and doleritic series as 
igneous in their origin. Fichte! distinguished two kinds of 
volcanic mountains— (u) those w'hich consist of immense 
uniform masses, sometimes building up a whole mountain- 
chain, and {h) those in wiiich rocks of different constitution 
alternate with one another in a stratified way (lava, ashes, 
rapilli, etc.). He described the homogeneous masses as having 
risen without any violent phenomena of enipticffi, and having 
penetrated the crust at the places of least resistance ; whereas 
the others were produced by successive eruptions, during which 
the ejected material gathered in conical form round the craters 
of eruption. 

But the great founder of the Plutonic school was James 
Hutton. According to Hutton, heat is the most powerful 
agent in the origin of rocks. The heat that pervades the lower 
horizons of the crust converts all rock-material into a molten 
magma. Under the superincumbent weight of the younger 
sedime^^tary rocks and the ocean, mineralogical combinations 
can take place wdiich would not be possible at the surface 
under conditions of normal pressure and rapid cooling. The 
primitive schists and limestones have been produced from a 
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molten mass in this way ; grattiie, porphyry, trap, basalt, and 
similar rooks were pressed up by subterranean heat, but did 
not reaoh the surfaf’e ; they were intercalated as subterranean 
eruptive iiiassips partially between pie-existing sedimentary 
rocks, or they spread as extensive sheets of rock-magma on 
the ocxain-floor. Xoiwitiisianding the strong support given to 
Hutton's theory by his friends and adherents, iiall, Hayfair, 
and Watt, the theo^^ fjf the Scottish genius found little recog- 
nition in his life-time. The Plutonic doctrines were slow to 
plant their roots in geological literature, and it was not until 
the third decade of tiic nineteontli century that they were 
universally accepted. 

first two decades of tlic nineteenth 
century, which were remarkable for the great advances in 
petrography, were le.ss fruitful in the domain of palocontology. 
In Germany, the Wernerian school was almost wholly absorbed 
in thft study of rocks, and the petrified remains of plants and 
animals were in a measure neglected. The splendid work of 
Walch and Knorr had been followed by Scliroter's Introduction 
to the Knowledge of Rocks and Ihissils^ the value of whieft rested 
chiefly upon its bibliographical merits (1774-84), 

The famous Gottingen zoologist, Blumenbach, published in 
1803 and 1816 two short treatises on fossils. He sub-divided 
fossils into four groups: (i) Fossils identical with existing 
species still represented in the same localities where the fossil 
forms existed ; (2) fossils identical ivith existing species, but 
not with those at present inhabiting the particular localities 
where the fc^sils occur; (3) fossils indicative of some great 
climatic change in the localities where they are found — e.g.^ 
cave-lion, rhinoceros, etc, which resemble but are not identical 
with living species; (4) marine fossils belonging to extinct 
species, and showing that the earth was once covered by the 
ocean. 

It seems surprising that such crude and superficial concep- 
tions of fossil groups should have been formulated by a 
zoologist of the reputation of Blumenbach, yet such was his 
fame that his opinions received far more attention than they 
deserved. , 

Baron Ernst von Scblotheim (1764-1832) was one of the few 
adherents of Werner who devoted himself to the study of 
fossils. His first work, published at Gotha in 1804, was a 
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monograph of the plant iinpres^^.ions in the C’ari'joiiifepr.m fitnita- 
tioa on the Thuringian di^lnfis, nnti vow pnitt* the Ir/'Sl work 
on fossil plants that had appealed, Schluiheiiii enn(:UicJefl 
that, in spite of the resemblam.v bilwcen tie' free ferns of tlkt 
Carbonifeious formation and certain F.ast InilLin and Anieriean 
ferns, the fossil types ijelonged f(» exlinet genua and speiit*^. 
Tile same was, he said, true for llie < idler forms of Carbon- 
iferous plants, and it was poshililc that tliy fos>il ihwa of the 
Carboniferous epoch represented a ;eyhi//r eu////**/ /vh*#/ 
Schlotheini left itan open question whethiT, in this <‘ase, the fossil 
genera had died out, or whether ihtir desrendanis liail lierome 
so much modified that they could srnreely Inf leeogniMal as 
such. 

SchlotheinFs later work, his Ptinidkit piihli.shed in 

1820, enumerated and describi‘d the fossil specimens in his 
private collection. At the same time, in its plan it fornufd a 
continuation of his previous work, and tin.! fifteen quarto plates 
of the Carboniferous fora were incorporated, together* wiili 
twenty-two new plates, to illustrate the larger work. The 
plates were admirably carried out, and the specimens, wliich 
includcfti all types of animal life, wme for the firs! time in 
Germany named according to the mnnemiaiun. 

Hence the work has had a permanent value in literature, 
although it is true the descn[)tivc text is often insufficient, and 
a species can be identified only by comparison with Schlot- 
heim^s originals, which have been preserved in the Berlin 
Museimu 

Faujas de Saint-Fond’s works on fossil organisms can scarcely 
be compared with those of Schiotheim, The fifst volume of 
his mi Geotogy (Fari^, 1S03} is devoted almost exclu- 

sively to fossils. But he held the narrow, anticpiated opinion 
that the great majority of fossil forms represented existing 
species of plants and animals, while the few forms for which 
no living analogues were forthcoming probably belonged to 
species now living in unexplored portions of the globe. 

Defrance was one of the most industrious and careful of the 
early palieontographical annotators. In his Skekk &/ Fmsii 
0 ?gaju\'ms (Paris, 1824) he gave a short account of all kuowii 
fossils, with accurate mention of their localities and state of 
preservation. Between 1816 and 1830 he contributed to the 
Dictionary of Natural Science numerous treatises on fossil 
foraminifers, corals, molluscs, annelids, and echinids. 



INTRODUCTION. 


127 


In England, with the exccptioi^ of Woodward’s “Catalogue” 
of the , collection no'^^; preserved in Cambridge, there was no 
general work on fossijs, James Parkinson tried to supply this 
deficiency in his work, Organic Remains of a Former World 
(1804-11); the epistolary style was selected as the most easy 
of comprehension, and the most likely to stimulate popular 
interest in fossils. The first volume gave in forty-eight letters 
a short history of palgmontological knowledge, an account of the 
various views about fossils or “'Tvledals of Creation ” (a name 
which Parkinson and others had adopted from Bergman), 
and a discussion of the surface forms and physical constitution 
of the earth. Peat, lignite, brown-coal and coal, buried woods, 
bitumen, etc., were then described according to their pro- 
perties, their mode of occurrence, state of preservation, and 
the changes they had passed through. The various fossil 
woods, leaf-impressions, ferns, stems, branches, and fruits 
belonging chiefly to Carboniferous and Tertiary times were 
enumarated and compared with existing types ; nine coloured 
quarto plates complete this volume. 

Parkinson shared in great measure the older conceptions of 
the “ diluvialists ” about the origin of fossils; the compurison 
of fossil and living forms, which he carried out in collaboration 
with the botanist, J. Edward Smith, led him to the conclusion 
that the most of the fossil plant types were the products of a 
warmer climate. Parkinson unfortunately made no attempt to 
identify the fossil plants according to genus and species, nor 
did he use the Linnman method of nomenclature. Hence his 
work on fossil plants is distinctly behind the almost con- 
temporaneous*^ublication of Schlotheim, 

The second volume treats of corals, sponges, and crinoids, 
and comprises twenty-nine letters and nineteen plates. The 
Limi^an method of nomenclature was introduced into this 
volume, but was not carried uniformly through the work. 
In the third volume, with 22 plates, Parkinson had the 
advantage of fuller reference literature. He could refer to the 
works of Klein and Leske on Echinoderms, to the writings of 
Lamarck on Molluscs, to the result of Cuvier’s investigations 
on Vertebrates. We find the author’s views considerably 
expanded in this volume, wherein he becomes more and more 
convinced that numerous fossil species belonged to extinct 
forms of life. Moreover, the influence of William Smith’s 
researches had spread amongst English geologists, and taught 
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lliern the chronological succession of the strata. Parkinson 
finally (.\piv.ssed bis belief that the Afosaic arcmint ( Veatlon 
could only lie acccpled in its general intent, that the “days’’ 
of the Ihbbc'al account in reality indit'ated ver}’*Iong periods of 
time in tlie development of the earth. A summary of Parkin- 
son’s woik vvMs afterwards pn!)lished under the title of 
of Ory'ifohf^^y (London, 1822). 

While these were the more representativ.c works on paleon- 
tology vdiioh appeared in (Germany, France, and F.ngland 
during the early decades of last century, nunua-oiis papers on 
^■pt'cial fossil genera or local faunas were published in .scientific 
memoirs and" journals. A few of the more important woiks 
devoted to the various animal types may be immtioned. 

In the ('lass of Protozoa, fossil Nummiiiiks had been known 
to die anc'ents. Herodotus had meniituied tht‘ir occurrence 
in I’-gypt, and Strabo had compared them with lentils. ( 'onrad 
(lesner (1565) described the first Nummulites known in 
Eiiiope: tliey weie found in the neighbourhood of ikii^s, and 
referred to the Ammonites. Aldrovandi regarded them as 
sports of nature, and Kircher descrilicd them under the name 
of ‘-caraway” or “cummin” stones. Good descriptions and 
illustrations of Swiss Nummulites were given liy Scheuchzcr 
and Lang, and after tliat time they were induded in all 
collective works on fossils under various names — discolifchs, 
hclmintholites, helicites, nummulites, lenticulites. Special 
papers were written upon them, but authors failed to arrive at 
any clear understanding about their zoological position. As a 
rule they were associated with Nautilus and the Ammonites, hut 
tliey were sometimes regarded as worms (l)e SSussure), or as 
the inner shells of molluscs (Fortis, l)e Luc). 

In 17T1 J. B, Beccari •discovered the first small fossil 
fora nun fin in the Tertiary sand of Bologna, and compared 
them later (1731) with the small shells found by Janus Planchiis 
(Bianchi) on the beach of Rimini, In 1791 Soldani published 
his cxccllenl work on the foraminifers from the Tertiary strata 
of Siena; the figures show the specimens many times enlarged. 
Fichtel and Moll prepared a monograph, with twenty-four 
coloured plates, showing all foraminifers known up to 1803, the 
date of publication, and Batsch gave a number of clear illiistra- 
lions of different genera and species. Nothing was known about 
the soft parts of the foraminifers; the wliole literature confined 
itself to the description and classification of the shells. 
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Good illustrations of spo?iges appeared in the pictorial works 
of the seventeenth and eighteenth centuries, but they were 
geneially termed pelagic plants or fruits, or were included with 
corals and bryo^oa, undei such names as corallioliths, alcyonias, 
fungites. 

Guettard was the first to publish a more detailed investiga- 
tion of fossil sponges. His researches were not confined to 
the description of external features, but made a careful note of 
the inner construction, the Canals and openings. At first 
Guettard rightly compared the fossil specimens with existing 
sponges, afterwards he placed them with corals, but ultimately 
returned to his first idea that they were sponges. His treatises 
are accompanied by good figures, and undoubtedly rank as the 
best contributions to the older literature. Parkinson included 
the fossil sponges with alcyonarians ; he gave careful descrip- 
tions and very good illustrations of a number of Cretaceous 
and Jurassic forms, but made no attempt at systematic treat- 
ment y in his later, smaller work, Parkinson compared some 
forms with sponges, others with alcyonarians, and Schlotheim 
took much the same standpoint. 

Fossil co?aIs were figured by Knorr and Walch, md by 
most of the early writers on paleontology. Linnaeus gave 
the Silurian coral fauna of Gothland to one of his students, 
P'ougt, to be described, and Guettard published detailed works 
on fossil corals from the Dauphine and other parts of PVance. 
The fine illustrations of Parkinson represented more especially 
the coral types of the older strata in England and Scandinavia, 
Schlotheim also described a large number of species under the 
vague generic titles of Fungites, Porpites, Hypurites, Madre- 
porites, Miiieporites, and Tubiporites. On the whole, the 
study of fossil corals was limited t^o external features; little was 
known about the organisation of recent corals, and the syste- 
matic arrangement had no secure basis. 

The knowledge of crinoids had reached a more favourable 
stage of advancement. The older authors in the sixteenth and 
seventeenth centuries occasionally figured the stems and crowns 
of crinoids under the terms of trochite, entrochite, encrinus, 
pentacrinus, or under such popular term's as fossil wheels,’^ 
‘Milies,” ‘^pennies,” etc. The classificatory position of fossil 
crinoid remains continued, however, quite indefinite tmtil 
Fosinus in 1718 demonstrated their affinities with existing 
representatives of the Euryakcz, an Ophiuroid family. Rosinus 

9 
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in his treatise proved conclusi^^ely that the fossil crinokl stems 
were not independent individuals, as had been erroneously 
su{)pos(.'d, and gave complete representations of several gtniera, 
mou‘ esneeially of the genus Encrinus. 

'The first example of a living ]Y*nta('rinus caine from Map 
unique, and was described by Guettard, who fully ret'ognised 
the relationship of the recent species with earlier forms in the 
Liassic and Jurassic strata. 

Schuhe and Parkinson added valuable data to the investi- 
gation and relationship of sea-lilies, as the crinoids were 
commonly designated; while lilumenbach classified tliem in 
near relationship to the ophiuroids (bnttle-stars) and asteroids 
(slar-fishes). But the founder of the more scientific literature 
of crinoids was Miller of Danzig, who puhllshcd in 1821 
his famous work, N'afurai IJishry €>/ f/ic Crifiofdeu or iiiy- 
slityped An/mals, Ivliiler not only gave admirable descriptions 
of a number of previously unknown species from the ('arbon- 
iferoLis limestones of Ireland and the Upper Silurian limeHones 
of Dudley, but also proposed a clear terminology for the 
individual parts of the calyx, the arms, and the stem or 
columr. 

In the case of the important class Echinoidea (Sea-Urchins), 
contributions to the literature of fossil and existing forms 
practically kept pace with one another. The first systematic 
treatment of the Echinoldea was published as early as 1732 by 
John Philip Breyn of Danzig. In his work all known living 
and fossil forms were grouped under seven genera. Two years 
later KleiiTs Disposiito Eckimdermatum appeared, and Leske 
in 1 7 78 prepared a second and enlarged edition of this impor- 
tant work. The Klein-Leske classification recognised twenty 
genera, the names of which Ipve only been partially continued 
in the iiierature. The works of Breyn and Klein have both 
sustained their reputation in zoological and paloeontological 
literature. 

P'ossil molluscs were always awarded a large amount of 
attention owing to the remarkable number of species, the wide 
range of distribution and favourable preservation of the shells. 
Fossil cephalopods were figured in the older works of the 
seventeenth and eighteenth centuries, as a rule under the 
names of belemnites, nautilites, ammonites, and orthoceratites. 
The Gastropods or Snails were sub-divided into numerous 
genera of somewhat indefinite characters— Dentalites, 
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Patellites, Volutites, and others; the Mussels or Conchifera 
with which Brachiopoda and Cirripedia used to be included, 
were grouped under various generic names — e.g,^ Myacites, 
Tellinites, Pectin ites* Gryphites, etc. Brachiopods were termed 
^'conchse anomim” or “Anomitcs,’^ following the precedent of 
Fabio Colonna. 

The Systematic Conchology of Denis de Montfort (1808-10) 
contained several new genera, chiefly of cephalopods, but the 
descriptions were extremely meagre. The more meritorious 
work of Bruguib'es, in the Eficyclopedie Mkthodique^ on 
living and fossil molluscs and brachiopods, was unfortunately 
cut short by the premature death of the author. 

Lamarck^ w^as the great reformer and founder ot scientific 
conchology. He published in the Annates du Museum a 
monograph of the Tertiary mollusca of the Paris basin, with a 
good series of plates ; and in his Natitral History of Inverte- 
brate Animats he defined the numerous genera and species of 
invertebrate animals with masterly skill and precision, and laid 
down, more especially for mollusca, a systematic basis which 
held its place for several decades. 

Another work, almost as important for the knowltdge of 
fossil mollusca, although of far less scientific depth than 
Lamarck’s, was the Mhieral Conctwtogy of Great Britain^ 
begun by James Sowerby in the year 1812, and completed by 
his son, James de Carle Sowerby, between 1822 and 1845. 
It is an illustrated catalogue of all the fossil mollusca occur- 

^ Jean Baptiste de Monet, Chevalier de Lamarck, born 1744 at Buz- 
anlin, near Bapaume (Somme), distinguished himself early in the army 
career which heTiad chosen, but was wounded and had to take up another 
calling; he then studied medicine, working in a bank to provide a means 
of livelihood, and devoted himself with enthusiasm to botany, physics, and 
chemistry. In I 773 published a Frinch Flora, in 177S was appointed 
Custodian of the Botanical Gardens, and when he was in his fiftieth year 
was elected to the Professorship of Zoology in the Museum, an appoint- 
ment which he held until his death in 1829, In 1801 he published his 
Syslem of Invertebrates, and between the years 1815-22 his greatest work, 
the Natural Histo 7 y of Invertebrate A 7 iimals, A second edition of this 
work appeared in X836, with additions by Dcshayes and Milne-Edwards. 
In his Phrlosophy of Zoo 'ogy, Lamarck gave all the weight of his know- 
ledge and experience to the support and elucidation of the Theory of 
Descent and Specific Variation. As is well known, Lamarck held that 
acquired characters could he transmitted to descendants, and become per- 
manently established in the race. These ideas met at first with great 
opposition, and only received support in more recent years. His ad- 
herents at the present day form the so-called Neo- Lamarckian school. 
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ling in Great BriLiin. The rsix volumes appeared in pa:ts, 
and comprise 604 cleverly-drawn coloured plates with ex- 
planatory text, 'i’lje material is !iot arranged in any systematic 
order, the dev!ii)tions an<l figuK'S have (iearly. been prepartxl 
in the su•'ce^Mon in whieh ific speeiinens eanie into the 
hands (T the aiitliors. A work of ihi^ eharaeter rould not 
have a vejy high scientific value, )ct lioth the Sowerhys 
weie iiuleiaiigable collectors, gooti conehplogisis, and expert 
diaiighlsmen, and their work did much to advance the study 
of fossils. 

Among the numographs that appeared al)out this lime, one 
of the l)e^t was J. C M. Reinec:ke's of ike 

A?nmo?iifc^ (h'Lr/n/ig in Ofimrui ami I*rafhVHia (oSiS), a work 
describing and figuring forty species of cephaiopods from the 
Jurassic and hhiassic limestones of that area. Another valu- 
able local work was that of Brocchi on tlui 'fertiary nudhisca 
of I taly, ( \au'iiyi!''!t\iiia fossHe sukakenn 'na { M ilan, 1 8 1 1 ). 

A’ery litiie was known about fossil ArikrtfpaJs up k) the 
year 1S20. Fos'^il crabs had been found in the lithographic 
shales of Bavanaand the Tertiary strata of Upper Italy and 
Tranepebar; liilobites had been found in Ihigland, Sweden, 
and Bohemia, and occasionally insects had been recognised 
and figured in the older ]ialccontological w'orks. But no 
thorough scientific investigation of any group of arthropods 
had been iinJei taken. 

Fossil J^''s^h's play a not unimportant n)k in the history of 
geology and pakeontology. 'The teetli of sharks fiad led 
Falissy and Steno to correct conceptions about the significance 
of fossils, and the early ob.servations on fossl teeth were 
incorporated in ail great wwks on the rocks. Niost of the 
names given to them were fanciful — ‘‘sei penis’ tongues,” 
“birds’ tongues,” “swallow stones”; of the more learned 
terms, “ glossopetra ” and “lamiodonla” were the most usual 

Impressions and skeletons of fishes were sometimes found 
in an excellent state of preservation in the copper slate of the 
Mansfeld district, in the Jurassic shales of Solenhofcn and 
Eichstiitt, the ( alcareous marls of Ocningen, the black slates 
of Glarus, the 'feitiary calcareous shales of Monic Bolca, and 
in other localities, Volta published in 1796 a splendidly 
illustrated monograph of the fossil fishes of Monte Boka. 
Faujas de Saint-Fond, in his £ssay m and later 

Blainville in his Dicihnary of Natural IJisiory (f8i8), gave a 



INTRODUCTION. 1 33 

summary of the known species cff fossil fishes and the localities 
in which they occurred. 

Few specimens o]' Amphibians had been discovered; the 
famous “ x\ndr’as ” of Scheuchzer and a few remains of frogs 
in the Oeiiingeii beds were almost the only representatives 
known in the literature. 

Reptiles also were only known by rare specimens. Ichthy- 
osaurian vertebrae from the Liassic strata of England and 
Altdorf had been figured by Lhiiiyd and Baier as fish vertebra, 
whereas Scheuchzer had taken similar specimens from Altdorf 
for human vertebras. Sir Everard Home gave the first de- 
scription of an ichthyosaurian skull from the Lias of Lyme- 
Regis under the name of Proterosaurus {Philos, Trans, ^ 1814). 

One of the most ancient reptiles, the Triassic Proterosaurus 
from the copper slate of Suhl, had been found as early as 
1706, and in 1710 had been assigned to the group of croco- 
diles; a second specimen was again described in 1718 by 
Linck'as a crocodile, but Kundman thought it bore a stronger 
resemblance to lizards, and this was the view afterwards con- 
firmed by Cuvier. 

True crocodile remains were mentioned by Collini fr(?ln the 
Liassic strata of Altdorf, and by Faujas de Saint-Fond from 
the Upper Jura of Honfleur and Le Havre and the Tertiary 
rocks of the Vicentine. In the Upper Lias of Whitby a full 
crocodile skeleton (Teleosaurus) from five to six feet long was 
seen by Chapman and Wooller, but only a few of the vertebrae 
could be saved entire {Philos, Trans.^ voL 50), 

The discovery of a Mosasaurus skull in the Cretaceous tuffs 
of Petersberg,"" near Maestricht, has already been mentioned, 
and its identification by Cuvier as a lizard {ante, p. 107). 

A great sensation was produced* when, in the Jurassic shales 
of Solenhofen, a complete skeleton of a perfectly preserved 
small saurian was found with wing-like appendages. Collini 
described and figured it as an unknown marine animal of 
doubtful zoological affinities. Blumenbach regarded it as a 
water-fowl, but Cuvier recognised the skeleton as essentially 
reptilian in structure, called it Pferodactylus,^ and described it 
as a flying reptile. Although Cuvier had given convincing data 
for this conclusion (in his Researches on Fossil Bones^ vol^iv., 
1812), Hermann and Sommerring explained the skeleton as 
that of a mammalian genus allied to the bats. The original 
specimen is now in Munich Museum. 
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All known fossil reptile forftis were included by Oiivier in 
his Reseankes^ and were fully discus:>cd by him in respect of 
their own characteristic features, and their affinities to living 
genera. 

Among fossil 2fammalia the teeth and of elepliaiils 

first attracted attention and gave occasioii to various hypo- 
theses. Fossil ivory and large bones were known to tlic 
Greeks and Romans; Suetonius reported on fossil “giant 
bones’" in the ^luseiim of Emperor Augustus at Capri, which 
probably were remains of fossil elephants, Kircher and many 
other authors in the IMiddle Ages menlioiutd the ot'cnnence of 
elephant remains in different parts of Italy. A whole skiF-ton 
was imeartbcd at Crussol in the Rhone \’al!cy in 145^ anti a 
second in the Dauphine in 1613. d'he hitler won great 
notoriety. A surgeon, iMazurier, said it was the skelcttai of 
Teutobochus, King of the Cimbers, and made money by the 
display of individual bones in Paris and other {'!tit‘s. It tluai 
became the subject of a heated controversy lielween Il'Wncot 
and Riolan; Flabicot holding the bones to be those of a man, 
Riolan asserting the bones w’ere those of an elephant. As 
time \vfcnt on, frequent discoveries of large btines were made 
in France, Belgium, and Germany. 

The skeleton found at Burgtonna in 1696 was one of the 
most famous discoveries, as it gave rise to a dispute between 
Ernst Tentzel and the medical faculty in Gotha. The 
other professors saw in the large bones only sport.s of nature, 
but Tentzel proved to their discomfiture that the bones were 
real, and had belonged to elephants. In 1700 a bed of fossil 
bones was observed near Cannstatt, containiifg astonishing 
numbers of elephants’ teeth, some of w'hich liave been pre- 
served in the Stuttgart Museum. Pallas had made known the 
occurrences of mammoth bones in Russia and Siberia ; and in 
1796, Cuvier summarised all the previous literature on this 
subject in a brilliant treatise on fossil elephants. Blumeii- 
bach was the first author who distinguished the fossil (jlephant 
or Mammoth” under the term A’A'/Zm? /^rimigeuiMS from tlie 
two existing species. 

Another fossil mammal which received considerable atten- 
tiot>was the woolly-haired Rjiifioceros anfiguiiaiis or tichori- 
num. Pallas had in 1772 described a completely preserved 
carcass with hide and flesh in the frozen ground of Siberia. 
Skulls and other remains of this species w^ere also found in 
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the Rhine Valley. Faujas de Saint-Fond tried to prove, in 
opposition to Cuvier and Blumenbach, that these were identi- 
cal with the bones of species still existing in Africa. 

The Franco»ian caves were examined by Esper and Rosen- 
miiller, and the mammalian remains found in them were 
thoroughly investigated. The remains of Mastodon and 
Megalonyx, as ‘well as other gigantic mammalia of America, 
were quite well known to Buffon and several writers in the 
eighteenth century. 

But almost all publications on fossil mammalia had been 
founded on a very insecure scientific basis, and had not 
attained to any satisfactory result regarding the affinities of the 
fossil to the living forms. It was the creative genius of Cuvier^ 
that erected Comparative Anatomy into an independent science, 
and defined principles upon which the investigation of fossil 
Vertebrates could be carried out with accuracy. 

Cuviefs papers on fossil Vertebrates, which originally 
appeeired in the Aniiales du Museum^ were collected in 1812 
and compiled into a separate work, the papers being arranged 
merely in the order of their publication, 

Cuvier’s Researches on Fossil Bones was published as^a four- 
volume work. The first volume contains the famous “Pre- 
liminary Discourse,” which w^as really written later than the 
contents of the other three volumes, although all were published 
together in 1812. The “Discourse” was frequently altered by 
the author, and ran through six editions. It will be more fully 
discussed below. The second volume of the Researches begins 
with some remarks on the sub-divisions of the Fachydermes 
(Cuvier) s^ncflig Ungulates^ and on the deposits in which their 
fossil remains occur. The account of the Fachydennes is 
followed by a series of studies on. the comparative osteology of 
Hyrax, the fossil and recent walruses, hippopotami, tapirs, 
and elephants, also the extinct genus Mastodon. The text 

^ Leop. Chr. Fricdr. Dagobert Georges Cuvier, born on the 24th 
August 1769 in the town of Mouipelgaidt (Montbeliard), which then 
belonged to Wiirtemberg, was educated at Stuttgart in the “ Karl Schule.^* 
In 1788 he became tutor to Count d’Hchdcy at FiqiiainviUe (Calvados); in 
1795, Professor at the Central School in Paris; in 1800, Professor of 
Natural Plistory at the College of France; in 1802, Professor of Anatomy 
at the Botanical Garden. lionours were richly sliowered on him: ift 1814 
he was made a Councillor of State; in 1819, Chief of a Department in the 
Home Office with the title of Baron; and in 1831 a Peer of France. He 
died on the 13th May 1832. 
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gives clear indication of the tfointiiKiive adoptive! hy 

the great anatomist. We ftdlow him m his atlenipis lo identify 
the remains of fossil mammalia hy compariMm with existing 
mammalian species, and we realise with him da* nci'essity of a 
thorough examination of the hony skeleton of existing main- 
mals before such a ('()m|)arison ran i)e eimeltsL Cliivier's st}lc 
is clear and concise, and he has the gill of \iviii clesmiption. 

Eleven fossil species from the Pleistocene i!ep?)sits of Europe, 
Asia, and North America arc desciihcil in the second vouioie : 
a rhinoceros, two hip[H>potami, two tapirs, an elephant, and 
five mastodons. With the exnmlion of the inastodtms, all the 
species belong to genera whic'h still (‘xi-^l in tlie tropics, 
but the gcogra})hi(‘al distribution of the I’etliaiy and the 
present species is very difierent. I’heri* may he a douhi in 
the case of the larger hippopotamus species i 
major) whether the fcKsd and the piest/nt lornis arc 
specifically distinct, hut in the oiht*r cases there can lie no 
doubt that the forms belong to extinct spi*(des. « 

Cuvier makes these points clear, and pnuveils to show tliat 
from the condition of the hones iliey cannot have been 
transported fiom any great distance, hut that the animals must 
have iived in the locaHtks where thtir hones are Jon nd I lencc 
these remains afford proof that the temperate zones w*erc, in 
the period immediately antecedent to the present, inhabited 
by a terrestrial fauna whose nearest allies are now confined to 
tropical climates. 

The third volume contains chiefiy the desciiption of the 
vertebrate remains whicli occur in Upper iMjcene gypsiferous 
marls, in the vicinity of Ikiris. One or two fifssil skeletons 
were found entire, and most of these remains found in the 
Paris gypsum beds were in a.good state of preservation. Ikit 
in many localities the mammalian remains occurred in poor 
preservation, and were irregularly distn!)utcd as confused 
heaps, or beds of bone fragments. It was in arranging such 
ill-assorted accumulations of bones lielonging lo different 
epochs that Cuvier achieved his most astonishing successes, 
and verified his laws of the correlation of parts. The in- 
vestigation of certain scattered remains of very frequent 
occurrence led him to the determination of two extinct genera, 
Faimtherium and Anopi&therinm, After he had ascertained 
tb^ skull and teeth, Cuvier kept constantly comparing the 
other bones with those of existing genera— -tapir, rhinoceros, 
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horse and camel, — and was finally*ablc to restore the skeletons 
of these extinct genera. Then it became evident that both 
genera had comprised several species, and gradually the 
fossil remains othe*r genera intimately allied to these were 
discovered in the ]\liddle and Upper Eocene strata at Issel 
(Aiide), Biichsweiler (Alsace), and in the Upper Eocene 
marls in various localities. In the same way as he had 
investigated the Unpfiata, Cuvier also investigated fossil 
remains belonging 'to Carnivora, and determined their 
relationship with living representatives. 

Cuvier was wholly convinced of the unerring accuracy of 
his comparative methods. It is told of him that on one 
occasion when a fossil skeleton came into sight in the Paris 
gypsum layers, he at once declared it to belong to the genus 
l)idelj)hys^ an American opossum. A number of his colleagues 
were sceptical of this, and in order to prove it, Cuvier indicated 
the exact place where the characteristic marsupial bone on the 
pubis oaght to be found in the rock, and in presence of his 
colleagues worked out the part from the surrounding rock, and 
displayed it to theii astonished eyes. 

The third volume concludes w’ith the description Of a 
number of bird, reptile, and fish remains The fourth volume 
contains treatises on the remains of horses, pigs, and 
rodents in the Pleistocene deposits and bone breccias of 
Gibraltar ; on Carnivora in the bone caves of Germany and 
Hungary ; on some genera of the Edentate Order, Bradypus, 
Megalonyx, Megatherium; on Sirenia or “sea-cows^’; on 
“sea-dogs” of the PhocideC family of the Carnivora; and 
finally, a survey of all known fossil reptiles. In this as in 
the other volumes, every chapter on fossil types is preceded 
by an exhaustive exposition of the, structures Of allied living 
forms. 

In the whole literature of comparative anatomy and 
palaaontology there is scarcely any woik that can rank with 
this great masterpiece of Cuvier. It passed through four 
editions, each edition containing additional chapters. The 
last (1834-36), edited by his brother Friedrich Cuvier, consists 
of ten volumes of text and two volumes of illustrated plates. 

The “ Preliminary Discour.se” of the first volume later bojre 
the title of “ Discourse on the Revolutions of the Surface of 
the Globe, and was translated into several European languages. 
In it Cuvier gives expression to his views on the origin and 
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changes of the earth, on the relations of fossils to the present 
creation, and on the whole sequence of life in the course of 
geological epochs. 

The Discourse begins with a demonsfratio^ that the surface 
of the earth has been devastated from time to time by violent 
revolutions and catastrophes. Cuvier atgues that these took 
place suddenly, from the evidence of tlie flesh carcasses of 
mammalia in the gravels of Siberia, as well as from the 
accumulations of pebbles afid debris which are present at 
certain horizons of the stratigraphical succession, and may be 
assumed to indicate epochs of violent movement in the 
former seas. Thus the development of organic life was 
frequently interrupted by fearful catastrophes, which in the 
earlier epochs extended over the whole surface of the globe, 
but latterly became limited to smaller areas. Countless living 
creatures fell victims to these catastrophes ; they vanished 
for ever, and left only “ a few remains scarcely recognisable by 
the scientific investigator.’’ 

A discussion of the natural forces which at the present day 
affect earth-surfaces leads Cuvier to the conclusion that these 
are not sufficient to explain the great revolutions of past 
epochs in the earth’s history. The present agencies of ice 
and snow, running water and the ocean, volcanoes and 
earthquakes, together with disturbing astronomical con- 
ditions, are passed in review, for the purpose of demonstrating 
the insufficiency. Then Cuvier recalls the often ridiculous 
theories that philosophers and geologists invented in their 
endeavour to arrive at some adequate explanation of the great 
transformations of life and climate on the globe. He 
recognises the value of the mineralogical work of Saussure 
and Werner, but complains of the small share of attention 
bestowed by these geologists and their contemporaries upon 
fossils and the distribution of fossils in the rock-strata. Yet, 
in his opinion, it is the study of the fossilised remains of 
former faunas and floras which alone can give enlightenment 
about the earth’s past, the number and order of its revolutions, 
and the history of creation. 

He regards the remains of four-footed animals as especially 
valuable, since in their case the question whether they 
belong to extinct or living genera and species can be more 
definitely determined than in the case of the lower animals. 
Even in the days of antiquity men knew fairly well all the kinds 
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of four-footed animals on the globe, and at the present day 
there is little chance of new living species being discovered. 
Certainly the incompleteness and often poor preservation of 
the fossil remains^ of land mammals offered obstacles to exact 
identification. But they could be surmounted with the help 
of the laws of correlation enunicated by him, according to 
which all the individual parts of an organism stand in a 
definite morphological relationship to one another, so that one 
part could not undergo a change without a corresponding 
modification taking place in the correlated parts. 

Summarising the results of his own researches on fossil 
bones, Cuvier shows that these occur in strata of different age, 
that the fishes, amphibians, and reptiles existed before 
mammalia, that the extinct gmQXdi.{J\iI(eoi/ieHum, Anoplotherium^ 
etc.) occur in older strata than the forms belonging to living 
genera, and that the few fossil forms which differ little from 
living species are restricted to the very youngest deposits in 
river allftvium, marshes, caves, etc. 

The exact investigation of fossil mammalia gives, according to 
Cuvier, no ground for the Lamarckian conception that the forms 
still existing have been produced by gradual modificatiofts of 
the forms that had previously existed. On the contrary, 
Cuvier’s conception was that specific featitres are cofisiant^ and 
re^nain so even in domesticated breeds. 

Regarding the length of period during which man has ex- 
isted on the globe, Cuvier points out that no human remains 
have been found along with the latest accumulations of four- 
footed animals in Europe, Asia, and America, and that in all 
probability man^did not make his appearance in those parts of 
the globe until after the last great world catastrophe. And 
although no exact determination «f the time is attainable, 
Cuvier calculates from data of the rate of increase in sand- 
dunes, in the thickness of peat deposits, and river deltas, that 
the last great earth’s revolution took place not more than 
5000 or 6000 years ago. Large parts of the terrestrial sur- 
faces of the globe were then submerged, and the floor of 
the former ocean was in many places upraised and re-con- 
stituted as islands and continents. Some few human beings 
who were not destroyed during this catastrophe wandered iuto 
the new lands and multiplied, founded colonies, erected monu- 
ments, collected facts of natural history, conceived scientific 
systems. 
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In conclusion, Cuvier dmws attention to the rudimentary 
state of scientific knowledge regarding the Secondary rocks and 
the fossil organisms contained in theip. ‘‘How glorious it 
would be if we could arrange the organised# products of the 
universe in their chronological order, as w’e can already do 
with the more important mineral substances ! The knowledge 
of the order of successive forms of life wmuk! teach us about 
the organisation itself. The chronological succession of organ- 
ised forms, the exact determination of those types which 
appeared first, the simultaneous origin of certain species and 
their gradual decn.y, would perhaps teach us as mudi about 
the mysteries of organisation as we can possibly learn through 
experiments with living organisms.'^ 

When we at the present day pass in retrospect the contents 
of Cuvier’s famous “ Discourse,” it is easy for us to perceive 
that the great anatomist was not familiar with the more ad- 
vanced geological thought of his own time. The works of 
William Smith were apparently unknown to him, ecjnally so 
the researches of Lehmann, Fichtel, and other of the best 
German strati graphers. In the structure of mountain-systems, 
his fiews differ little from those of Buffon, Pallas, and Saus- 
sure. What is new is that Cuvier demands a greaf numlMr 
of catastrophal revolutions, and he assumes that the earlier 
catastrophes were more widespread in their effects than the later. 

In supposing that an invasion of the sea was the immediate 
cause of the interment of mammalia in the youngest clays and 
gravels, Cuvier entirely misses the significance of the fact that 
these are for the most part of fresh-water origin. Again, his 
calculation of the age of the latest revolution Snd the appear- 
ance of man in the northern hemisphere betrays a geological 
standpoint as narrow as De Luc’s or Kirwan’s. But what was 
a far more serious disadvantage to science was that a man of 
Cuvier’s anatomical insight and prescience should deny any 
genetical connection between the earlier organisms and those 
now living. Cuvier’s erroneous convictions on this point 
exerted an enormous influence, and it is not too much to say 
that they retarded the progress of the evolutionary aspect of 
paleontology for seveial decades. 

JBut Cuvier, by his teaching of the comparative methods, 
placed all-powerful tools in the hands of scientific men. His 
greatness rests upon the magnificent work that he accomplished 
in the domain of the Vertebrates, upon the scientific method 
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which he founded for the identification of fossil bones, and 
upon his successful demonstration that the primeval mammals 
were not mere varieties of livin'g forms, but belonged to 
extinct species an^ gcnm. 

As Buffon had done twenty years earlier, Cuvier likewise, 
by his commanding personality, attracted many to the study 
of geology and palceontology, and instilled enthusiasm into 
a large circle of his^ more intimate friends and scientific 
disciples. Others had shown hoV important fossils were for 
an understanding of the stratigraphioal succession. But 
never before Cuvier had the significance of fossils been so 
energetically brought forward as a means of arriving at a true 
appreciation of animal skeletal structures, and of building up a 
history of the whole animal creation. Thus Cuvier largely 
contributed to the rapid progress that was made during the 
next quarter of the century in the detailed investigations of 
fossil organisms and their stratigraphical position. 

It is mot surprising that Cuvier^s Catastrophal Theory, 
which afforded a certain scientific basis for the Mosaic account 
of the “ Flood,” was received with special cordiality in 
England, for there, more than in any other country, theolo^cal 
doctrines had always affected geological conceptions. Many 
of the best known English geologists— Greenough, Babbage, 
Sedgwick, and others — considered the “ Flood ” the latest of 
Cuvier’s World-Catastrophes.” 

The most argumentative and influential member of this 
party was Professor Buckland. He published in 1823 a 
work entitled Reliquim diluviance ; Observations on the 
Organic Remair^ cofitained in CaveSj Fissures^ and Diluvial 
Gravely and on other R/ienomena attesting the action of a 
Universal Deluge. In this work Buckland show^ed that the 
majority of the Mammalian remains found in the caves and 
fissures belonged to the same genera and species as those 
which were found in the superficial gravels and clays. The 
latter he sub-divided into a lower or “ diluvial ” series and an 
upper or “alluvial” series comprising recent river and lake 
deposits. He emphasised the wide distribution of the diluvial 
deposits, and the fact that some of the animals interred in 
them belong to extinct species, others to existing special?, 
and concluded that these deposits had been laid down by a 
universal deluge at no more remote date than a few thousand 
years ago. 
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TexUooks and Handbooks of Geognosy and Geo!ogy.--^Th^ 
Text-books of Geology which appeared during the period 
between 1790 and 1820 showed an^ improvement 011 the 
speculative vrorks of the preceding periodn by Iheii moie 
matter-of-fact treatment of the subject 1 hey may be taken 
as a standard of contemporary knowledge on geological 
subjects, and deserve special mention. 

Most of the German text-books dujing this period were 
simply repetitions of Werner's teaching. As a rule mineralogy 
and geognosy were combined in the larger text-books, but in a 
few cases geognosy was published separately. Voigds Fntcikai 
Knowledge of Mountains (Weimar, 1792) was one of the best 
known, and it differed from \yerneds teaching on several 
important points, such as the origin of basalt and the causes 
of volcanism. On this work Dietrich L. G. Karsten in great 
measure based Miner alogkal Tables (1800), which had a 
wide circulation. 

The most complete and trustworthy text-book c founded 
on Werner’s teaching was that by Franz Ambios Reuss 
(Leipzig, 1 801-6), in which six volumes are devoted to 
miiferalogy and two to geognosy. The first volume of the 
geognosy or geology begins with a short introduction on the 
compass and domain of geognosy and the method of geognostic 
study. The first chapter treats the earth as a whole in its 
relation to other bodies of the universe, and states the most 
important facts of astronomy and mathematical geography. 
A second chapter is devoted to physiographical matters, the 
present constitution of the earth’s surface and atmosphere, and 
the changes wrought on the earth’s surface by existing natural 
agencies. The third chapter is occupied with the solid crust, 
describes the various kinds according to their composition and 
structure, their age "and origin, and gives an account of the 
hypotheses concerning the origin and development of the 
earth. The rocks are sub-divided in five “formation suites,” 
according to Werner. The fourth chapter contains a very full 
description of the regional masses of rock extending through 
mountain-systems or over wide areas. These are enumerated 
in the order of the “ formation suites,” and a careful account 
given of their composition and texture, stratification or 
jointing, geological age, origin and occurrence, and the fossils 
or ores contained in them. A special chapter on metalliferous 
ores concludes this work, the contents of which show that the 
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Wernerian school already recognked most of the questions 
which are at present treated in text-books. 

Considerations of ^the earth^s physiography, dynamical 
geology, petrography, ‘geogeny, and architecture or tectonic 
structure were fairly familiar ground at the time; the great 
diiference is in the teaching of the chronological succession of 
the rock formations. Modern geology gives pre-eminence to 
the accurate determination of the age of the rocks, stratum by 
stratum, according to the contained fossils ; Werner's disciples 
were satisfied with an approximate conception of the relative 
age of whole formations, and scarcely associated the study of 
historical succession of organised creatures with any geological 
interest or value. 

In France, three distinguished pupils of Werner wrote text- 
books upon the basis of his teaching — Brochant de Villiers ( 1 800), 
De Bonnard (1819), and De Voisins (1819). The Treatise of 
Geognos}\ published by D'Aubisson de Voisins, won wide popu- 
larity orp account of its clearness and the elegance in its mode 
of treatment. Like Reuss, D'Aubisson held closely to the 
methodical arrangement of the subject introduced by Werner 
in his lectures, so that the general arrangement of these •two 
text-books is very similar; but the French author took his 
illustrative examples chiefly from French geology, Reuss from 
German districts. In common with most of Werner’s 
disciples, D’Aubisson de Voisins made many blunders in 
respect of the Secondary formations. He united Alpine 
limestones (Tri.-Jur.-Cret.), the limestones of the Jura chain, 
the Magnesian limestones (Permian) and Liassic limestones 
of England and •the German Zechstein (Permian) in one group 
— ^that of the Older Secondary limestones; and treated as 
Younger Secondary limestones, contemporaneous with German 
Muschelkalk, the Jurassic calcareous strata of France, the 
Forest Marble and Cornbrash, and Portland stone of England 
(Middle and Upper Jurassic), the Solenhofen lithographic 
stone (Upper Jurassic), and the fish-shales of Monte Bolca 
(Mid-Eocene). 

An important deviation from Werner’s teaching wa^ made 
by D’Aubisson in his insertion of Tertiary formations between 
the Secondary deposits and diluvial clays and gravely. 
According to D’Aubisson, the Tertiary series included the 
deposits of the Paris basin (now grouped as Eocene and 
Oligocene), so clearly elucidated by Brongniart and Cuvier; 
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Uie Faluns of Touraine (Miocene); the formations studied by 
Omahus dHalloy m N.E, France, Belgium, and near Mainz 
(cl. p 106); the London Clay of England; the sandy, marly 
anc clayey strata of the Isle of Wigh’t, wl:ych Webster had 
recognised as contemporaneous with the deposits of the Paris 
basin; the fossiliferous gypsiferous marls and lignite of Aix 
in Irovence (Oligocene); the Oeningen shales and marls 
(Miocene); the fresh-water formations of Auvergne, Provence 
.anguedoc, Pyrenees, Spafn, and Wiirtemberg (Miocene- 
i hoceme;; the brown-coal and lignite in France, Germany, 
and Pmgland- 

^^so enumerated by 

D Aubisson,^ but there is no attempt to determine a series of 
palaeontological horizons, or even the relative age of the 
lertiary deposits present in the various localities. 

ihe excellent work of D’Aubisson de Voisins is the only 
one which merits the name of a text-book for teaching 
purposes. ^ ^ 

Robert Jameson, who^ tried to disseminate WernePs 
doctiines in Great Britain, met with less success in his 
Emienis of Geognosy (1808). The works of Hutton, Playfair 
and William Smith wielded a powerful influence, and were 
guiding British geologists with firm steps towards a right 
understanding of igneous rocks and the palaeontological 
succession of organic types. 

An Inirodiiction to Geology, written by Robert Bakewell in 
1813, ran rapidly through a number of editions. Althou^^h 
fol owing Werner in the general treatment of the subject 
Bakewell took up a neutral attitude on most ftontested points’ 
and showed a just appreciation of Hutton’s views. His work 
pre^nted a clear statement of the leading geological features 
of England, and included many of his own observations. 
Strange to say, Bakewell was no supporter of the determina- 
tion of the age of rocks by the comparison of fossils. William 
bmith’s investigations were not incorporated, and even in the 
fifth edition, published in 1838, the name of William Smith 
was never mentioned. 

Scipio Breislak’s somewhat speculative and diffuse Intro- 
cUtzione alia Geologia {i^ix) was rapidly translated into both 
the French and German languages, and had a fairly wide 
circulation. It represented a quite different standpoint from 
the text-books written by disciples of Werner. Whereas the 
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latter made it their chief desire tt) keep strictly to an account 
of known geological facts, Breislak throughout his work 
concerned himself mainly about the causes of geological 
phenomena. Afid the reactionary influence of Breislak^s work 
proved so far healthful ; but chemistry and physics were still 
too little advanced to permit of an adequate solution of most 
geological phenomena, and ingenious as Breislak^s conceptions 
were, they were seldom correct, ^nd led him often far astray. 
The best part of the work is the third volume, in which 
Breislak gives a good account of volcanic phenomena and 
volcanic rocks in Italy, and contributes a number of valuable 
observations on gaseous explosions, volcanic ejecta, and on 
lava and basalt. 

Fourth Period — Newer Development of Geology 
AND Palaeontology. 

(Th 

The leaders of thought, whose activities towards the close of 
the eighteenth, and in the first twenty years of the nineteenth 
century, won for geology an acknowledged place as a scientific 
study, were almost all of them men of independent means. 
Only a limited number of the founders of geology and 
palaeontology belonged to teaching bodies. The universities 
were unwilling to countenance young and indefinite sciences, 
and only tardily incorporated them in their academical 
curricula. But when one after another of the universities 
recognised geology and palaeontology, the result could only be 
beneficial, and that rapid progress began which has continued 
uninterruptedly to the present day. 

Collections of rocks and fossils were started in all 
university towns, and laboiatories and institutes were founded 
and equipped in order that beginners in the study might have 
every assistance in their work, and that the more advanced 
students might be given every inducement to follow out 
selected lines of original research. The number of students 
steadily increased, the output of special papers became more 
voluminous, and every year the subject-matter of the collegiate 
course became more comprehensive. ♦ 

At first the universities, more especially in Germany, where 
Werner’s system was the supreme precedent, placed the newer 
branches of geology and paleontology under the care of the 

10 
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mineralogical professors, but, soon, specialisation was felt to 
be necessary, and piofcssorships began to^ be founded for 
geology and palicontology as a distinct scientific study. 

The encouiagement given by the strict academical system 
of preparation and reseaich, and the higher standard in the 
demand for accurate detail, had the effect of diminishing the 
influence of private individuals. Leopold von Biich, Charles 
Lyell, De la Beche, and Murchison are among the few leaders 
of modern geology who workeci independently. 

With specialisation in geology and palaeontology, the spring- 
time of the science was over. The period was past when a 
man could mentally survey the whole field of petrographical 
knowledge, when great discoveries lay, so to speak, by the 
roadside, and only required to be observed. Instead of hasty, 
widely extended observations and broad generalisations, there 
began now the less brilliant, but more lasting, investigation of 
details. The telescope of a geological traveller surveying the 
rocks from afar ^vas exchanged more and more "for the 
microscope of a specially trained academician. The rapid 
advances made by modern geology are due to concentrated 
endeavour in the solution of problems of a definite and 
limited character, and the universities and academies have 
sedulously fostered the accomplishment of such work. 

Among Geiman universities, Berlin has always held a 
distinguished place. Gustav Rose, Ehrenberg, and Beyrich^ 
were some of the famous teachers in Berlin University. For 
nearly sixty years Beyrich exerted a strong influence on the 
younger generations. Although without any great oratorical 
gifts, Beyrich fascinated his hearers by the carefully considered 
subject-matter of his lectures and the breadth of his know- 
ledge, while in his practicail teaching in the field he provided a 
model of accuracy and completeness. Not a few of the greatest 


1 Heinrich Ernst Beyiich, born 1815 in Beilin, entered the Berlin 
University at the age of sixteen, and pre:>enied his thesis in 1837, Soon 
afterwards he was appointed an assistant in the mineralogical museum, and 
in 1857 was made diiectoi of the palaeontological collection. As a teacher 
he was fiist a pn'vat doceni (a university tutor), then an extra-Ordinary 
professor, and in 1865 became full Professor of Geology and Palaeontology 
iiV the University and in the Mining Academy. In 184.8 the German 
Geological Society was founded, and Beyrich was one of its promoters. 
In 1873, when the Prussian Geological Survey was instituted, Beyrich was 
appointed co-diicctor wuh Hauchecoine. He died in Berlin on Qth luly 
1896. ^ ^ 
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teachers in Germany — Von Richtiioren, Von Koenen, Dames, 
Kayser, Eck, Credner, and others — were pupils of Beyrich. 

Beyrich was also one of the most active promoters of 
the Geological Society of Germany. Since the Society was 
founded in 1848, it has combined and centralised almost all 
the geological activity throughout Germany. The seat of the 
Society is in Berlin, but the annual congresses meet each year 
in a different German town. 

Bonn rivalled Berlin for a lodg time as a leading centre of 
geological interests. A brilliant phalanx of geologists — Roemer, 
Goldfuss, Bischof, Vom Rath, and others — made Bonn a much 
favoured university in the middle of the nineteenth century. 
Ferdinand Roemer’s Descnptio 7 i of the Schist- Alotmtams of the 
Rhine and Goldfuss’s Peirefacfa Genna?iice are monumental 
scientific works ; G. Bischof’s famous Text-hook of Clmnicai 
and Physical Geology opened a new and fascinating domain 
of scientific research to young minds ; and Bonn was the 
centre from which a reformation in petrographical methods 
spread over Germany. 

The pioneer labours of Sorby in his microscopic examination 
of rock structures were first appreciated in all their signifif:ance 
by Ferdinand Zirkel, who at that time taught in Bonn. 
Zirkel followed along Sorby^s lines with such admirable skill 
that his researches became known in every land and gave a 
powerful impulse to the study of petrology. In Germany, work 
in this direction has been worthily continued, and Rosenbusch 
and his school^have applied microscopic methods more par- 
ticularly to the study of crystallography. 

Leipzig Unitersity was fortunate in having for thirty years 
(1842-73) C. Fr. Naumann as Professor of Mineralogy and 
Geology. Naumann’s most important work is his Textbook of 
Geognosy, which is acknowledged to be the most complete and 
thorough compendium of this science, and for many decades 
has served as a standard book for German students. The re- 
markable success of Naumann as a teacher attracted a large 
number of mineralogical students to Leipzig, and the tradition 
has been well sustained by Naumann’s successors, Hermann 
Credner and Ferdinand Zirkel. 

Heidelberg University, where Rosenbusch now teaches, 5 jas 
always enjoyed a high reputation for mineralogy and geology. 
Carl von Leonhard, the editor of the Mineralogical Taschen- 
buck, and the founder of the Neues Jahrhnch fur Mineraiogie, 



148 HISTORY OF GEOLOGY AND PALAEONTOLOGY. 


Geologic^ und Palceontologii^ was professor at Heidelberg 
for a long period of years; and associated with him was 
Heinrich Georg Bronn, the zoologist and, palaeontologist, whose 
Lethcea geognostica is still one of the main piPars of historical 
geology and palaeontology. 

Munich University was the first in Germany to institute a 
full or “Ordinary” Professorship for Geology and Palisontology. 
Schafhautl, appointed professor in 1843, oocupied himself chiefly 
with the investigation of the Bavarian Alps, which were then 
unknown geologically. He was joined in this work, in 1851, 
by Wilhelm Giimbel, who afterwards became director of the 
Bavarian Survey. During forty years Giimbel worked inde- 
fatipbly m the field and as an administrator, and no single 
individual has done more for his country's cartography and 
stratigraphy than he has done for Bavaria. His works on 
Alpine geology are known to all students of complicated 
mountain structure, and are thoroughly scientific in tone 
and treatment. It is clear that the geographical position of 
Munich, at the base of the Alps, singles it out among German 
university towns as being particularly advantageous for the study 
of m^>untain structure. In 1866, Karl von Zittel succeeded 
Albert Oppel as Professor of Geology and Palaeontology, and 
since that time the fossil collections have been vastly ex- 
tended. A special collection has been arranged for tutorial 
purposes, and the large state collection is considered a model 
of methodical display. 

In Tubingen, Friedrich Quenstedt taught for more than half 
a century (1837-89). One of the most versatile and original 
of German geologists and a born teacher, Quenstedt not only 
attracted numerous students, but also aroused an interest for 
geology and palaeontology -amongst the agricultural classes of 
Franconia, Swabia, and Wiirtemberg. What William Smith and 
Buckland did in determining the palaeontological horizons of 
the Jurassic series in England was accomplished by Quenstedt 
in Lower Bavaria. At the present day the common people, in 
the districts where his influence extended, are many of them 
enthusiastic fossil collectors, and arrange their miniature collec- 
tions with an astonishing accuracy. One of the best-known 
disciples of Quenstedt was Oscar Fraas, who created in 
Stuttgart a local fossil collection worthy of the best traditions 
of his teacher. 

The above-mentioned are only a few of the German univer- 
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sides ; there are many of the smaller universities and poly- 
technic schools whose professors have won fame both in 
scientific research and as teachers. 

In Austria and in Switzerland the majority of the more 
distinguished geologists and palaeontologists since the year 
1820 have belonged to academic circles. The famous names 
of Eduard Suess, Ferdinand von Hochstetter, and Melchior 
Neumayr are associated with yienna. Beinhard Studer in 
Bern and Arnold Escher von der Li nth in Zurich must be 
regarded as founders of geological science, while Louis Agassiz 
and Eduard Desor in Neuchatel and Alphonse Favre in 
Geneva are names of world-wide fame. 

In comparison with Germany the teaching element is less 
equally distributed in France and England. The huge metro- 
polis in each of these countries has always been the leading 
centre of mental activities, and has dwarfed the minor centres 
throughout the country. More especially is this the case in 
France/ where Paris has been the centre of all geological and 
paleontological efforts since the days of Buffon, Cuvier, 
Lamarck, and Brongniart. The great French represen- 
tatives of these studies are connected with the Botanical 
Gardens, the Sorbonne, or the School of Mines. In the 
provincial towns geological teaching is given partly by Univer- 
sity professors, partly by private teachers, and partly by mining 
engineers. In 1830, Constant Prevost, together with Ami Boud, 
Deshayes, and Desnoyers, founded the Geological Society of 
France, which has become, by means of its publications and its 
Congresses, the most influential French organisation in geology 
and palaeontology. 

In Great Britain, a no less important position is held by the 
Geological Society of London, founded in 1807. Its publica- 
tions present a ttue mirror of the whole historical development 
of geology and palaeontology in Great Britain during the last 
century, and the list of the Presidents of this Society, as well 
as of the Wollaston medallists, includes the most deserving 
geologists of the country. The old universities, Oxford, Cam- 
bridge, Edinburgh, Aberdeen, and Dublin, which in the heroic 
period of geology gave some of the great founders to science, 
still maintain their reputation in geology under able professors, 
and some younger colleges, such as Birmingham, now rival the 
older schools as seats of scientific learning. In Edinburgh, 
a number of enthusiastic adherents of Hutton founded the 
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Scottish Geological Society *111 1834, which took the place of 
Jameson’s “ Wernerian Society.” 

Scandinavia early distinguished itself in geological and 
mineralogical studies: Kcilhau and Kjerulf in Norway, Nor- 
denskiold, Torell, Lindstrom, Nathorst, and other Swedish 
investigators, and Forchhammer and Stcenstrup in Denmark, 
contributed much to the rapid progress in the earlier decades 
of the nineteenth century. ^ Italy suffered in its scientific 
development during the piolonged and frequent political 
disturbances, but much has been done in the latter half of the 
nineteenth century. Russia has, of late, been most energetic 
and generous in its encouragement of geological and paleon- 
tological reseaiches. 

The third decade of the nineteenth century saw the begin- 
ning of active geological research in North America; and at 
the present day the United States and Canada are not behind 
any European land in their scientific attainments and societies. 

In proportion as geology continued to expand its scientific 
interests, its bearing upon many important technical questions 
began to be realised. It was represented to statesmen that 
geology could give valuable indications respecting mining and 
industrial prospects, road and railway construction, agriculture, 
and forestry. A desire crept in among public bodies for 
geological maps and reports of whole countries, and not only 
of local areas specially interesting to science. Practical 
England made the beginning. In 1835, tinder the direction of 
De la Beche, the governmental department of the Geological 
Survey of the United Kingdom was established, and special 
branches were formed for Scotland and Ireland and afterwards 
also for the extra-European British Colonies. 

Almost simultaneously, ^Dufrenoy and Elie de Beaumont 
were commissioned in France to prepare a geneial geological 
map of that country, and after its completion in 1841, the State 
arranged for a more detailed survey. Michel Levy now directs 
the French Survey, which is carried on chiefly by mining 
engineers. Other States gradually followed the example of 
Great Britain and France, and every cultured nation now has 
its Survey Department for the investigation of the constitution 
oFthe ground and the mineral products within its territories. 

The establishment of State Surveys naturally removed some 
of the work that had previously fallen to the share of Univer- 
sity professors and tutors ; in not a few countries, however, the 
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professors have to combine both University and Survey duties. 
The Survey Departments have always preserved a strictly 
scientific character, . and w^hile fulfilling to the utmost the 
practical and oommercial purposes for which they were in the 
first instance called into existence, their s}stematic treatment 
of vast land areas has furnished the pure science of geology 
with a wealth of observations of inestimable value for its more 
abstruse problems. - ^ 

The progress of geological cartography brought the results of 
one State Survey into touch with those of its neighbours. So 
far as geology is concerned, the present boundaries between 
adjacent countries are merely of accidental character, even the 
present configuration of a land surface is merely an episode in 
the historical cycle of events; in the previous epoch lands now 
separated may have been the common floor of a bygone sea. 
The nature of geological and palseontological studies necessi- 
tates a constant interchange of knowledge between the diffeient 
countrTes of the globe. The geologists of the Paris basin, for 
example, must know the results of the geologists of the London 
basin, maps ought to agree, faunas ought to be compared ; and 
these considerations led to the institution of InternAional 
Geological Congresses, where geologists fiom all countries 
might discuss the problems of common interest to the science. 
Some of the greatest men of our time, in attending these 
Congresses, have expressed their conviction that the intellectual 
fellowship of interest renders them a humble means towards 
a very great end, whereby nations, by better acquaintance 
with each other, may become more firmly welded in political 
friendship. 

Geology and palaeontology give great promise for the 
twentieth century In another •hundred years the whole 
surface of the earth will perhaps be so well known, that works 
on comparative topographical geology will be fully accomplished 
along the lines which Eduard Suess has so ably initiated in 
his Anf/i/z der Erde. If at the same time the structural and 
physical problems of the solid earth-crust continue to be 
accurately investigated in all parts of the earth, it may be 
possible to determine the actual physical secjuence of events in 
the origin and development of our planet. « 

Again, the palaeontologist notes with interest how the study 
of past forms of life is brought every year into closer relation 
with biological researches, and how, as faunas and floras from 
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foreign parts become better known, the gaps in the palceonto- 
logical record are shown to be less insurmountable than was at 
first supposed On the other hand, it ma^^ be that an enriched 
knowledge of extinct organic remains and thej,!- precise distri- 
bution in the various layers of the stratigraphical succession 
throughout the globe, will enable biologists to draw more 
definite conclusions regarding the first derivation, and the 
history of the descent and development oj the manifold forms 
of organic life that have peopled the earth. 



CHAPTER I 

COSMICAL GEOLOGY. 

Cosmogony , — It does not come within the domain of geology 
to investigate the origin of the universe and of solar and 
planetary systems. Yet such investigations are so closely 
associated with the origin and earliest history of the earth, 
that the results attained by astronomical researches have at 
all times exerted an influence upon the views of geologists. 
Visionary speculations about the beginnings of the universe 
and the earth were much in favour during the eighteenth 
century, and almost every geological work of a general char- 
acter had an astronomical introduction. In the early pjirt of 
the nineteenth century speculation gave place before the great 
discoveries that were being made in astronomical physics. 
The explanation given by Kant and Laplace of the origin of 
the universe and the solar system found general acceptance, 
and further speculations on cosmogony and geogeny were 
thought to be either unnecessary for the immediate purposes 
of geology as a science, or were discouraged on account of 
their tendency ho be wholly theoretical. Thus there followed 
a long period during which the cosmical aspects of geology 
made little advance. 

In the year 1871, at BrunswiclJ, Helmholtz gave expres- 
sion in a popular lecture to the current conception of the 
earth’s oiigin, based upon the principles of Kant and Laplace: 
“Our solar system was originally a chaotic nebular ball; at the 
beginning, when the nebular mass extended as far as the path 
of the outermost planets, many millions of cubic miles could 
contain scarcely one gramme of mass. At the time when this 
nebula became separated from the nebular masses of the 
neighbouring fixed stars, it possessed a slow movement *of 
rotation. The natural attraction of its parts caused the nebula 
to condense, and in proportion as it condensed, rotation must 
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have become more rapid, ai?d have tended to make it discoid. 
From time to time masses became separated at the circum- 
ference of this disc under the inf]uci;ice of the increasino- 
centrifugal force. These masses again assumed the form ol* 
rotating nebular balls, and either simply condensed as 
planets, or during condensation also gave off in turn peripheral 
masses which became satellites or remained, in the case of 
Saturn, as a connected ring. ^ In another case, the mass which 
separated at the periphery of ^the main nebula broke up into a 
number of nebular fragments, and gave origin to the swarm of 
small planets between Mars and Jupiter. It has been deter- 
mined more recently that this process of condensation of 
loosely composed bodies is still continuing, although in less 
degree.’^ 

A new field of research was opened for astronomy in 1859, 
when the spectroscope was discovered by Kirchhoff and 
Bunsen. It was then rendered possible to learn something 
definite about the materials composing the stars andkhe sun 
By the use of the spectroscope it has been ascertained that all 
matter has essentially the same constitution throughout the 
univ^ise, the same substances taking part in the composition 
of the earth, the sun, the fixed stars, and the planetary 
nebula. ^ 

The mechanical theory of heat, together with the principle 
of conservation of energy founded by Robert Mayer and by 
Helmholtz, afforded an e.xact explanation of the high tempera- 
ture of self-luminous cosmical bodies, since an enormous supply 
of heat must be absorbed during the processes of condensation 
of gases and differentiation of atoms. According to Flelm- 
holtz, the supply of heat which the sun has accumulated durino- 
Its condensation is sufficient, if calculated on the basis of its 
present expenditure of heat, to have extended over an interval 
of time in the past equivalent to twenty-two million years. 
And as the sun is still in process of condensation, it may yet 
continue for many millions of years to ladiate and to impart 
Its animating sunshine to the planets. 

Ihus, in respect of the unity of matter and the temperature 
of solar and planetary bodies, the nebular theory of Kant and 
Laplace was confirmed by spectroscopical research and by the 
mechanical theory of heat. But it encountered serious diffi- 
culty when astronomers discovered that the rotation of the 
satellites of Uranus and Neptune takes place from east to west. 
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a fact of which neither Kant nf)r Laplace had been aware. 
Uniformity in the rotation of all the bodies in the solar system 
is the fundamental conception in the theory of Laplace ; yet 
this conception #^vas directly contradicted by the discovery that 
the satellites of the two planets farthest from the sun rotated 
in a direction opposite to the direction of rotation of all other 
known bodies in the solar system. Other weak points in the 
theory of Laplace rendered it ^open to criticism. Kant had 
supposed that the atoms of primitive matter originally pos- 
sessed the property of mutual attraction and repulsion, and a 
whirling motion, and that they gradually attained a uniform 
rotatory movement, while Laplace, on the other hand, had 
assumed the rotatory movement as inherent in matter ; but 
neither Kant nor Laplace had tried to offer a satisfactory 
explanation of the phenomena of rotation. Moreover, these 
physicists had not attempted to explain the incandescent state 
of certain celestial bodies ; Laplace had merely assumed that 
mattei^was provided with an indefinite supply of heat, without 
offering any scientific hypothesis for the origin of heat. Again, 
a further contradiction was presented to the theory of Kant 
and Laplace by the approach of comets from regions df con- 
siderable space beyond the solar system. 

Several attempts were made to replace the theory of Kant 
and Laplace by a more satisfactory one. One of these was 
Madler’s hypothesis in 1846, which postulated a common 
centre for the whole universe of fixed stars, but not a central 
sun whose superiority of mass controlled the movements of 
other bodies. The movement of fixed stars was said to be 
under the direction of an ideal centre of gravity. This assump- 
tion contradicted the idea of the successive formation of rings 
and the separation of masses of matter from a central body. 
According to Madler, the ring-theory of Laplace could not 
possibly be held to apply to the numerous double stars. 

The French astronomer, Faye, brings forward some re- 
markable conceptions in his recent work, S^ir rOrigine du 
Monde, published in 1896. Faye does not accept the 
existence of a central mass either in the case of the heaven of 
fixed stars, or in our solar system. He supposes that originally 
a part of the universal matter had a slow, whirling movena^nt, 
and that neighbouring masses of matter developed a movement 
in a similar direction as a consequence of the action of gravita- 
tion and mutual attraction. Thus the myriad of heavenly 
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bodies took origin, and durhig condensation developed heat 
and light. If a star has planets associated with it, as in the 
case of our sun, the origin of these plapets is, according to 
Faye, to be traced to the original slow, whirliiig movement of 
some part of universal matter. 

Considerable masses of primitive matter unite in the form 
of flattened rings, originally surrounding an empty centre of 
gravitation. The rings are gradually disriipted into a number 
of rotating masses, whirling with the same direction as the 
parent ring, greater masses attract smaller, absorb them, and 
finally a spherical body is formed. The planets originate in 
this way, those planets forming first whose component rings 
are relatively nearer the centre of gravitation. ]\Ieantime, 
finely divided fragments of matter meet in the centre of such a 
system, and begin to give origin to a sun. It is impossible 
here to enter further into these new conceptions of cosmogony 
so recently advanced by Faye. 

The Sun . — The first information about the physical constitu- 
tion of the sun was obtained by the use of the telescope. 

David Fabricius, the son of a pastor in East Frisia, dis- 
covered in the year 1610 movable spots on the sun, and his 
observations were confirmed a few months later by the 
Bavarian Jesuit Scheiner, by the Englishman Harriot, and 
the Italian Galilei. Fabricius explained the sun-spots as 
slaggy separations from the inner incandescent nucleus of the 
sun; Scheiner regarded them as foreign masses circulating 
round the sun ; Galilei thought them clouds occurring in the 
sun’s atmosphere. 

From the variability in the position of the sun-spots Scheiner 
drew for the first time the •important conclusion that the sun 
rotated 

The significance of the sun-spots is still a matter of dis- 
cussion among astronomers. Herschel suggested in the early 
years of last century that the sun-spots were cavities in the 
glowing atmosphere, through which the dark body of the 
sun was visible. This suggestion found much acceptance, 
until it was disproved by the spectroscopical researches of 
Kirchhoff. 

kirchhoff in i86r showed that the white-hot sun’s mass was 
surrounded by a photosphere in which numerous substances 
familiar to us in the earth’s constitution were present in a 
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state of vapour. Kirchhoff then «uggested that clouds formed 
in the wbitc-liot photosphere, and that these clouds became 
darker as they cooled^ thus giving oiigin to the appearance of 
sun-spots. • 

Zollner contested this hypothesis on the ground of the rela- 
tively small variation in the shape of the spots, and agreed with 
the explanation given by Fabricius. Reye and Faye regarded 
the sun-spots as a result of cyclones in the lower region of the 
sun’s atmosphere. There can 6e no doubt that storm move- 
ments take place at the surface of the sun. This was made 
evident when Sir Norman Lockyer in 1869, and in his later 
work on Solar Physics (1873), demonstrated the presence of a 
mantle of glowing vapour from which there projected gigantic 
torch-like protuberances subject to violent movement. Lockyer 
called the outer mantle of the sun ‘‘chromosphere ” on account 
of its red colour. 

All the modern theories about the constitution of the sun 
agree ift assuming that it must have received an immeasurably 
great supply of heat during its condensation, and that already 
a considerable quantity has been lost by radiation. Neverthe- 
less, the sun is still in a white-hot condition, and replaces the 
loss of heat by continued condensation and by absorption of 
matter attracted from sidereal space. The spectroscopical 
researches of Kirchhoff, Secchi, Zollner, Lockyer, Young, and 
others, have demonstrated that more than half of the terrestrial 
elements are present in the composition of the sun. 

In the present position of astronomical research there is no 
precise means of determining the temperature of the sun, 
although its si^.e and density are well known. The sun is 
more than a hundred times larger than the earth, but has only 
a quarter of the earth’s density. lufollows from the continuity 
of the sun’s spectrum that the sun’s nucleus is incandescent, 
but it is difficult to decide whether the material is in a liquid 
state, as Kirchhoff and Zollner suppose, or whether Secchi 
and Faye may be correct in supposing the nucleus to be for 
the most part gaseous, including some denser portions in a 
state of stormy movement. 

The Fixed Stars a?id Planets , — While the sun represents 
a celestial body not yet fully consolidated, although in an 
advanced stage of condensation, the nebulae, fixed stars, and 
planets give indication of the phases of development through 
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which a celestial body pas^s before and after its consolida- 
tion. 

i he differences in the colour and brightness of the fixed 
stars suggested to the early astrologists that the stars differed 
111 their individual constitution. The catalonie of the 
Ptolemaic Stellar Chait classifies the stars in si.x urouns 

w f frequent^ 

made— by Sir William Herschel among others— to erect a more 
precise system upon the basis of the fntensity of the litrht 
radiated from the different stars, but no satisfactory result was 
Obtained. I he grouping of stars according to their colour 
met with more success. The early astrologists distinguished 
white, yellow, and red stars; in 1686 Mariotte observed blue 
stars for the first time; and later, in 1782, Herschel observed 
double stars displaying different colours. By means of the 
spectroscope recent researches have arrived at an explanation 
different brilliancy and colour of the fixed stars. 

_ The sun and all fixed stars have a continuous .spectrwm that 
IS interrupted by the dark lines of the vaporous substances in 
the photosphere; the Fraunhofer lines are absent in the spectra 
of pknets, or bodies which have only reflected light. A^i<relo 
Secchiinhis workon “thesun,” in 1872, distin|uished four 
groups according to the spectroscopical character of the stars- 
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coloured stars as bodies representing different nhases in thA 
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extreme taint lines. The vast concourse of yellow stars are in 
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cative of me?Il£ stars display broad dark streaks indi- 
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nebulae were examined in 1869 Huggins and Miller, and 
the results indicated the presence of vapour, of water, and in 
addition an element which, unknown in the earth, has been 
determined in the sud's spectrum and termed “ helium. 

Next to the red stars may be grouped the so-called new 
and variable stars, sometimes brilliantly luminous, sometimes 
growing rapidly obscure or quite vanishing from observation. 
These probably represent bodies in a far-advanced stage of 
cooling, but which, owing to colMsion with other bodies in the 
universe, or to internal changes, temporarily ignite, emit 
eruptions of glowing gases, and perhaps in some cases 
also eruptions of molten rock-masses. 

By mathematical calculations astronomers have determined 
that in addition to luminous stars, there must be completely 
cooled dark bodies in the vault of heaven. Thus the sidereal 
world exhibits all phases from the nebulous, incandescent, 
gaseous, and vaporous states to the cooled and solid condition. 

TheHurther history of a cooled celestial body surrounded 
by a firm crust is displayed in the various conditions of the 
planets and satellites of our solar system, and these have 
therefore a closer interest for geology. The planets ciove 
round the sun in slightly elliptical paths at definite distances 
from it. Of the six planets that were known in early astrology, 
Mercury is nearest the sun in position, and has itself a diameter 
of 648 miles; Venus (diam. 1,613 miles) follows Mercury, 
then the Earth (diam. 1,719 miles), then Mars (diam. 909 
miles), Jupiter (diam. 19,000 miles), and Saturn (diam. 
16,675 miles). Herschel in 1780 discovered on the 
farther side o^ Saturn the planet Uranus with a diameter 
of about 8000 miles, and Leverrier in 1846 discovered, by 
mathematical calculation, the outermost planet, Neptune, with 
four and a half times the diameter of the earth. 

The paths of Mars and Jupiter are separated by a much 
greater distance from one another than the paths of the inner 
planets. Piazzi in 1801 discovered the small planet Ceres in 
this gap, and later there have been discovered more than 400 
small planetoids or asteroids, a number which is continually 
being added to by new researches. The Earth has one 
satellite, Mars two, Jupiter five, Uranus four, Saturn eight, 
Neptune one. Saturn is also further distinguished by the 
possession of a broad ring freely suspended over the equator 
and separated into three parts. 
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In comparison with the Earth, the relative density of the 
planets is as follows : — 


Sun 

Mercury 
Venus . 
Earth . 
Mars 


0.25 
1.12 
1.03 
1. 00 
o 70 


J upiter 
Saturn 
Uranus 
Neptune 


0.24 
Q.13 
o. 17 
oa6 


The inner planets are therefott considerably heavier and more 
firmly consolidated than the outer. 

Great advances have been made in our knowledae of the 
physical constitution of the planets by means of "improved 
te escopic methods and the construction of the modern larve 
telescope.^ Mars has always been an interesting object of 
astronomical observation. As early as 1659, Huytrens 
observed white spots at both poles, and the elder Herschel 
m 1781 was able to draw a sketch of the surface of Mars 
which was Mterwards improved by Hieronymus Schr®ter on 
die basis of researches conducted between 1786 and i8ot 
Beer and Mad er distinguished pale, white, and yellowish-red 
spotsrfrom dark peenish-blue spots, and regarded the former 
as land masses, the latter as seas. Maps of Mars were pub- • 
hshed by several other astronomers. The Milan astronomer, 
Schiapaielli, published in 1878 a work which added much to 
our knowledge of Mars. The dark streaks crossing tSUt 

aref 'a the dark, iron- 

g ey seas, are regarded by Schiaparelli as canals, and are 
rnapped with hitherto unsurpassed precision, while he confirms 

lie qllteSent ' “d solitary mountains 

far?rouSM^^’‘' f the rest of the planets has so 

far brought less satisfactory results. The small planet Venus 

dSse'"drr"/° surrounded by a 

dense, cloudy atmosphere, which obscures the view of the 

tions ha*'' ° planet ; at the same time recent observa- 

elliptical spots of light 
sSerel and the atmo- 
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.Bands are visible at both sides of.the equator, and a number 
ot smaller, streaks run parallel to them. An e liotical red^no^ 
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moon on various scales. Th^ largest chart was published on 
1878 by Julius Schmidt, and with the work of this great 
astronomer the older methods of investigation may be said to 
have reached their highest point. ^ 

A new era began with the application of photography to 
the representation of moon landscapes. Warren de la Rue in 
London, Draper and Rutherford in America, obtained photo- 
graphs of remarkable beauty. But th§ earlier results of 
photography were far exceeded when the astronomers of the 
Lick Observatory in California made use of their giant lens. 
The large number of landscapes obtained by this means are 
now being compiled by Weinek in Prague, and a large Atlas 
of the moon is being prepared. The English astronomers, 
Nasmyth, Carpenter, Proctor, and Neison have also coiltri- 
buted very greatly within the last twenty years to the know- 
ledge of the constitution of the moon. 

From all these observations it has been proved that the 
moon, unlike Mars, has no seas and canals, in short nof'water, 
but possesses a wonderful array of mountains. With the naked 
eye, darker-looking areas can be distinguished oh the moon’s 
surface. From these rise numerous conical mountains, trun- 
cated at the top and with deep craters, ring-shaped mountain- 
ramparts, and magnificent, deeply-fissured mountain-massives, 
whose summits are as high as 25,000 feet above the surround- 
ing areas. In addition to these mountain-craters and rings 
which indicate a volcanic origin, certain rents have been 
discovered by Schroter in the plains, sometimes penetrating 
the volcanic cones, and therefore clearly of subsequent origin. 
A special geological interest attaches also to tfte presence of 
light streaks radiating from the craters. Whilst the rents 
might readily find an explanation as fractures due to contrac- 
tion, the radially-arranged light-streaks present a difficult 
question, and some authorities incline to regard them as 
streams of lava, others again as evidences of sulphurous 
springs. 

The surface conformation of the moon is by no means 
constant in character. Schmidt in 1866 confirmed the dis- 
appearance of an earlier crater, while Klein and Neison in 
i8;i7 saw the formation of a new crater. 

The American geologist Gilbert has contested the opinion 
generally accepted at the present day, that the craters and 
ring-shaped ramparts in the moon are volcanic in their origin. 
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Gilbert regards them as impressions made upon the moon by 
the collision of gigantic meteorites. 

More recently, ^chmick, George Darwin, and Ebert have 
endeavoured t<» trace the surface conformation of the moon to 
the undulations of a magma originally in hot, flowing con- 
dition. Suess has also elucidated the present surface .of the 
moon upon the basis of volcanic occurrences; he compares 
lunar surface forms with the internal seething and buoyancy of 
melted masses of mineral or metallic material, and in this way 
sets forth a genetic table of the various lunar forms. 

Meteorites and Falling Stars . — Reports of stones and masses 
of iron fallen from the heavens may be traced into remote 
periods of antiquity. The oldest known account is a report in 
China in the year 644 b.c. The Phoenicians, Egyptians, and 
Greeks used to preserve meteor-stones in temples, and to do 
honour to them as visible signs sent them by their gods. 

Plifiy has recounted how at ^Egos Potamos, in Thracia, in 
the year 476 b.c., a mass of iron fell, “as large as a chariot,” 
and was afterwards said by Anaxagoras to have been a frag- 
ment broken from the sun. • 

Avicenna mentions reports of fallen stones from Egypt and 
Persia. There seems little doubt, according to Consul von 
Laurin (1845), sacred stone in the Kaaba of Mecca is 

a meteorite. Various accounts of meteorites in Germany date 
from the early Middle Ages. A fall of meteorites took place 
at Ensisheim, in Alsace, on the 7th November 1492, and the 
account describes how a hot mass of stone, 127 kilogrammes 
in weight, felf into a field of wheat, accompanied by violent 
noises and the appearance of fire. Emperor Maximilian I, 
commanded that the stone should.be preserved in the Church 
of Ensisheim. During the French Revolution the stone was 
taken to Colmar, and was then consideiably cut down, so that 
now the remnant returned to the Ensisheim church only weighs 
about 40 kilogrammes. 

A full report was also given of a shower of meteorites that 
occurred at Crema, in Italy, in 1510 or 15 ii. Although the 
number of reports of fallen stones increased very greatly in 
the seventeenth and eighteenth centuries, the scientific opimion 
of that time made merry over the credulity of the people who 
imagined the stones fell from the heavens. 

Stiitz, for example, who was a director of the Natural History 
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Collections in Vienna, said in 1751 that such stones had 
been erroneously regarded as rarities, and should be thown 
away! Fortunately this advice was not followed. 

A Commission of French observers was entrifsted with the 
investigation of a meteorite that fell at Luce, in the province 
of Maine, in September 1768. The Commission drew up a 
detailed description of the mineral constitution of the stone, 
but stated it to be a physical, impossibiltty that the stone 
could have fallen from the heavens. 

The great Wittenberg physicist, Chladni, at last demonstrated 
the correctness of the popular idea regarding meteorites. 
FTe published in 1794 a classical work, On the Origin af the 
mass of iron found by Pallas in Siberia^ a 7 id the explanation of 
the physical appearances associated with the falling of this and 
other similar masses. Chladni regards meteorites as fragments 
of cosmic bodies, which, while travelling through space with 
enormous rapidity, come into the neighbourhood of the earth 
and are attracted by it ; they become heated by the fricti&n of 
the atmosphere, melt superficially, and finally break up owing 
to the development of gases and elastic fluid materials. This 
is, in its essential features, the view that is at present held by 
most authorities. 

Since the appearance of Chladni’s work a great number of 
meteors have been reported, and a careful register of meteor- 
ites has been drawn up in the writings of several astionomers, 
while the best specimens have been placed in museums. 

Although it might have been supposed that the full details 
and the precise scientific basis of Chladnfs work would con- 
vince all investigators, this was far from being the case. Some 
still held the opinion that meteorites were of telluric origin, 
while Laplace and Berzelius regarded them as volcanic refuse 
from the moon. Tschermak thought them fragments from 
the volcanic eruptions taking place on the earth and on other 
cosmic bodies. 

The Englishman Howard was the first to investigate the 
chemical composition of meteorites. He showed that all 
meteorites have a similar composition, and chiefly consist of 
silicic acid, magnesia, iron, nickel, and sulphuret of iron. The 
inve'^stigations of other chemists have confirmed Howard^s 
results, and demonstrated the presence in smaller quantity of 
a number of additional elements. In comparison with 
terrestrial rock-material the number of ingredients is very 
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limited. Quartz, orthoclase, feispar, mica, hornblende, leucite, 
nepheline, garnet, and all hydrous silicates are absent, whereas 
very few of the .minerals which have been recognised in 
meteorites aro not known in the earth. 

In the latter part of this century, thin sections of meteorites 
have been examined microscopically, and it has been shown 
that there is more structural difference between the terrestrial 
and meteoric rock than had been supposed from macroscopic 
examination. Meteorites are in many cases composed of 
radiating spherical bodies (chondrites) or irregular fragments ; 
the rent character, the paucity of steam vesicles, and the 
absence of liquid contents give to microscopic slides of 
meteorites an unfamiliar appearance, and seem to indicate 
that they have taken origin independently of the action of 
water and vapour. 

The classification of meteorites is a very vexed question, 
some authorities placing more value upon chemical and 
mineralogical distinctions, and others upon structural distinc- 
tions. Partsch in 1843 distinguished two main groups — stone 
meteorites and iron meteorites. Reichenbach rejected these 
groups as too broad, and classified meteorites in nine 
groups according to physical character, especially the colour 
and the mineral contents. Gustav Rose, who was Professor of 
Mineralogy in Berlin University, supported the earlier classifica- 
tion of Partsch, but arranged sub-groups upon a mineralogical 
basis. Daubree, the French physicist, in 1867 distinguished 
meteorites containing iron or Siderites, from Asiderites or 
meteorites ^without iron, and sub-divided these again. 
Meunier accepted Daubree’s main groups, but erected a 
very large number of sub-groups. In England, the meteor- 
ites represented in the Collecfeion of the British Museum 
were arranged in three groups according to Story-Maskelyne^s 
classification in 1870-71; (i) Siderites (meteoric iron), (2) 
Siderolites (meteoric stones containing iron), and (3) Aerolites 
(meteoric stones without iron). 

The study of meteorites, as Daubrde remarks, touches 
several of the fundamental questions in the history of the 
universe. They are the only specimens of non-terrestrial or 
cosmic bodies which we have an opportunity of investigating, 
and which can yield an insight into the constitution of those 
masses occupying the vault of heaven. The number of 
acci edited falls of meteorites does not exceed a thousand, and 
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as a rule the fragments which fall are small, sometimes merely 
a dust-shower. The fact that many meteorites consist w^holly 
of metallic iron (with nickel), while others contain a large 
intermixture of iron grains in a matrix of silicfdes, indicates 
that iron plays a greater part in the composition of the 
planetoids than in that of terrestrial rock-material, in which it 
almost always occuis in combination with oxygen or sulphur. 

In the year 1870 Nordenskiojd discovered on the coast of 
the Greenland island Disko, near Ovisak, gigantic blocks of 
solid nickelic iron weighing several thousand kilogrammes. 
These were at first thought to be meteoritic, until Steenstrup 
and Daubrec showed that the basaltic rocks of Disko contain 
greater and smaller inclusions of iron, which are identical with 
the great blocks in every particular. It would thus seem that 
considerable masses of iron are actually present in the interior 
of the earth, as has been assumed from the earth’s specific 
gravity. 

Sir Norman Lockyer in a recent work. The Meteoritic 
Hypothesis (1890), has attributed a very important part to 
meteorhes in cosmolop^ He regards all luminous cosmic 
bodies as masses which have originated from swarms of 
meteorites, or from the collision of vapours to form a cosmic 
sphere. 

Geogeny , — During the nineteenth century speculations regard- 
ing the earth’s origin followed for the most part the nebular 
theory of Kant, Herschel, and Laplace, and assumed that the 
earth, in common with all other cosmical bodies, originated by 
the condensation of some part of universal matter. It was 
raised to a glowing heat during the process of condensation, 
and after a protracted period*of cooling a solid crust began to 
form on the exposed surfaces. 

This theory was further established by Fourier in 1820, and 
by Poisson in 1835. Nevertheless, the Neptunian doctrine 
which had flourished in the end of the eighteenth century, 
under the influence of Werner, was again resuscitated, and its 
adherents passed under the name of Neo-Neptunists. The 
Munich chemist Fuchs was the leader of the Neo-Neptunists, 
and^amongst his followers ivere Schubert, Schafhautl, and 
Andreas Wagner. Their conception of the beginning of the 
earth was literally the same as that given by the Bible, 
“In the beginning the world was empty and void” 
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The Neptunist idea that the s<flid materials of the earth had 
originally been held in solution by a primaeval ocean, no longer 
harmonised with the advance of chemical knowledge. Hence 
the Neo-Neptcnist leader depicted the primitive earth as 
amorphous in constitution, silicic and carbonic acid having 
united all the component particles in a pasty mass.> The 
formation of rock-material began with the separation of the 
silicates. Light and heat developed as crystallisation pro- 
ceeded. The earth became self-luminous, and “certain effects 
were produced which have a resemblance to volcanoes.” 
Different kinds of rock separated from the primitive 
amorphous substance, such as granite, syenite, porphyry, 
gneiss, crystalline schists, greenstone, slates ; and afterwards 
sandstone, quartziferous sand, clay, and flint. A calcareous 
series formed contemporaneously with the siliceous rock-series, 
the calcareous rocks then becoming more strongly developed 
in proportion as the siliceous rocks were less developed. A car- 
boniferous series of rocks began with the formation of graphite 
and anthracite, reached its maximum in the Carboniferous 
period, and closed in the youngest mountain-ranges with 
brown-coal and turf. * 

Although the theory of Fuchs was so fantastic that it was 
practically ignored by geologists, it had at least the merit of 
calling attention to a possible origin of granite, gneiss, schists, 
etc., in some other way than from a molten magma. Schaf- 
hautl was one of the few geologists who accepted the theory of 
the aqueous origin of crystalline rocks, as he had himself 
succeeded in^ producing quartz crystals artificially under the 
action of superheated water. 

Amongst the writers who supported the nebular theory, the 
French physicist Ampere was one of the most distinguished. 
In 1833 he published his “ Theorie de la Terre ” in the Revue 
des Deux Mondes, Amphre held the view that during the 
gradual cooling of the earth, the substances arranged them- 
selves in the succession of their melting-points. Irregularities 
in the arrangement of the materials were explained by Amphre 
as a result of chemical processes which caused a rise of 
temperature, renewed melting and eruption of masses that 
had already solidified. Amphre further supposed similar 
chemical processes to be still in piogress in the interior of the 
earth, and to be the chief cause of mountain-making, volcanoes, 
and earthquakes. 
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In 183^ Henry de la Beo^c published his admirable work 
entitled Researches in Theoretical Geology. He described the 
earth’s matter as originally in a gaseous condition, condensation 
having taken place in consequence of the cons^iant radiation of 
heat from the earth’s surface. Giadually there formed round 
the iivier glowing nucleus a zone composed of heavy metallic 
substances, beyond which was a legion of lighter, molten 
oxides, and externally a mantle of vapoir.rs and gases. The 
zone, rich in oxygen combinations, afterwards consolidated as 
a firm erust of crystalline rocks, which protected the inner 
nucleus and prevented its complete cooling, while the outer 
vapours condensed in the form of oceans upon the solid crust 
The Cambridge physicist, W. Hopkins, in a series of papers 
(1839-42) investigated the internal constitution of the earth by 
means of mathematical calculation. Assuming that the earth 
was originally molten, then three possibilities are set forth by 
Hopkins as a result of cooling : — 

1. An outer solid crust surrounds a nucleus thafis still 

molten, or 

2. The earth’s sphere is surrounded by a firm crust, and 

contains a solid nucleus, both separated by a zone 
of molten material, or 

3. The earth may be completely solid. 

Hopkins calculated that the solid crust of the earth had a 
thickness of about ^ or i of the earth’s diameter — that is, at 
least one hundred and seventy-two to two hundred and fifteen 
geographical miles. A direct communication of the internal 
molten material with the surface of the earth was therefore 
impossible in Hopkin.s’s opinion, and he conefuded that the 
volcanoes must draw their molten material from reservoirs of 
moderate size ivithm the sokd crust of the earth. 

At the same time as Hopkins was following out his mathe- 
matical and physical calculations, Bischof in Bonn was making 
experiments similar to those wdrich had previously been 
attempted by Buffon. Bischof caused large balls of basalt to 
be melted, and observed the time required for the cooling of 
the melted basalt. By the application of the results to the 
rate of cooling of the earth, Bischof calculated that the com- 
plete solidification of the earth would occupy a period of three 
hundred and fifty million years. Naturally, the application of 
results obtained upon such a small experimental scale cannot 
be relied upon in any accurate scientific sense. It was shown 
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by Sir William Thomson (Lord Kelvin), in his famous paper 
‘‘On the Secular Cooling of the Earth (1862), that even 
mathematical methods could not lead to any definite calcula- 
tion of the ag% of the earth. According to Thomson and 
Tait’s Handbook of Theoretical Physics, the formation of a solid 
crust took place not less than twenty million years ago? and 
not more than four hundred million years ago. Helmholtz 
calculated, upon the^basis of the original temperature of the 
earth-vapour, that the age of the earth might be sixty-eight 
million years. 

In 1893, the American geologist, Clarence King, published 
a paper “ On the Age of the Earth.” He supposes the earth 
to have been originally molten, and now to have a solid nucleus 
and a solid crust, and a zone of molten material between crust 
and nucleus. From a number of observations and experiments, 
King concludes that the original temperature of the earth was 
not more than 2000® C., and that its age might be about twenty- 
four million years. 

A remarkable theory of the earth’s constitution was presented 
by the chemist Sterry Hunt in Canada. He starts from the 
hypothesis of a homogeneous, gaseous, rotating sphem, in 
which the parts undergoing condensation seek the centre; 
there they again become heated, and are kept circulating, 
finally settling down in zones according to their density and 
forming a molten, plastic sphere. The consolidation of this 
sphere begins in the central region. Slow cooling also goes on 
at the surface of the molten mass, and chemical combinations 
are effected there owing to the pressure of atmospheric vapours. 
Gradually a crust forms permeated with water, and in its lower 
horizons more immediately affected by the internal heat of the 
earth, the inner crust is again r»elted and forms a plastic 
watery zone between the solid, heated nucleus and the outer 
crust. This intermediate zone is the centre of volcanic action, 
of earthquakes, and of deforming changes in the earth’s crust. 

Another ingenious thinker in this subject was Robert Mallet 
(1810-81), a civil engineer in Dublin. Mallet thought that 
the cooling of the original molten sphere began at the Poles. 
Certain portions, as they solidified at the Foies, sank into the 
molten mass, but again rose to the surface at the equatowal 
regions and began to return towards the Poles, the circulation 
of rock-material being analogous with that of the ocean currents 
at the present day. The formation of a crust proceeded out- 
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wards from the Poles. At«“- first ir was merely a thin, flexible 
rind on the viscous or liquid inner mass. Then the crust 
while still hot, and locally at a red glow, broke and tore ; the 
first rains collected in the depressions, and systems of tensions 
and pressures Vvere generated in consequence of the suljsidcnce 
of GJ'ust-blocks. A more complete phase of movement was 
reached as the crust became gradually thicker; forces which 
had during contraction bc^n acting vertically towards the 
centre were diverted in a tangential direction by the resistance 
of the crust, and produced the folds and wrinkles represented 
in our mountain-chains. Continents and oceans also formed, 
and the crust Avas in a stare to sustain life. In the fourth or 
final phase, to which the present belongs, the crust has become 
very thick; cooling and contraction are now proceeding very 
slowly; the tangential pressures called forth by the sinking 
crust are relieved by horizontal compression of the rocks at 
zones and localities of crust- weaknesses. The work done by 
pressure and fragmentation is conveited into heat; and it was 
by means of this transmutation that Mallet explained the 
origm of the earth’s own heat, and of volcanoes. 

Mallet’s explanation was warmly contested by O. Lang 
and Julius Roth. Lang differed from most physicists and 
chemists in his opinion that an increase in volume and not a 
contraction took place during the transition of the caith’s 
material from the molten into the solid state. He attributed 
the origin of volcanoes to the expansion of the outer rock- 
materials during their consolidation and the necessity of 
additional space. 

^ Rics and Winkelmann published in i88i a scries of observa- 
tions on the solidification of melted metals. Their results 
were so far fpourable K) Lang’s hypothesis in that they 
proved that, wdth the exception of cadmium and lead, nearly 
all other metals are heavier in the molten condition than in the 
solid. At the same time, Bischof’s experiments are contradic- 
tory, since they prove that the most important plutonic rocks, 
such as granite, trachyte, basalt, suffer considerable contraction 
in passing from the molten into the solid state. 

Faye, whose piinciples of cosmogony were briefly referred to 
above (p. i55),^also made an attempt to explain the origin and 
development of the earth in agreement both with the doctrines 
of modern astronomy and with those of geology and palaeon- 
tology. Starting from his own standpoint that the earth and 
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the inner planets were in existeiipce before the sun, Faye 
supposes that the first traces of organic life on the earth 
originated under the diffuse light of the still unconsolidated 
sun, that a uniform climate reigned over the whole earth 
during the Primary epochs, and that consequently the distri- 
bution of plant and animal life cannot, as is frequently staied, 
have proceeded from the Poles. 



CllAPTER II 


PIIYSIOGRAl’HICAL GEOLOGY. 

The subject of physiographical geology coincides in essential 
features with that of geophysics (or physical geography). The 
only distinction that may be drawn is that while physical 
geography deals more with the description and exact determina- 
tion of the physical properties of the earth’s body, physio- 
graphical geology concerns itself more with the causes and 
effects of these relations. It is, however, impossible to define 
a strict line of division between the studies of geography 
aifd geology. 

Certain questions about the physiography of the earth had 
been discussed by the Greek philosophers, and the knowledge 
of the ancients in this domain had in all probability been 
comprised in a book of Theophrastus. Unfortunately the book 
has been lost, and is known to us only through excerpts from 
it that appeared in the works of later geographers. 

The first work that merits the name of a physical description 
of the earth is the famous Geographia Generalis of Bernhard 
Varenius (Amsterdam, 1672). In 1661 the comprehensive 
work of Riccioli, and jn 1664 that of Kircher, appeared; 
nearly a hundred years later followed the important geographical 
and physiographical text-books of the Dutchman Lulofs (1750) 
and the Swede Tobern Bergman (1769). Bergman’s work was 
taken as a model by the famous Werner in his teaching of 
geognosy, and thus its style and general treatment came to be 
handed down in the later text-books published by pupils of 
Werner. All the text-books of the Wernerian school, especially 
4;hose of Fr. Ambros Reuss, F. R. Richter (Freiberg, 1812), 
and K. A. Kuhn (Freiberg, 1833), contain a full account of 
physiographical geology. 

In France, Buache had in 1756 kept physical geography 
172 
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within narrower limits than his contemporaries ; on the other 
hand, Desmarest in 1795 began a very large work in the Ency- 
dop'edie Methodiqiie^ in which he treated the subject in the 
wide sense more ggneraliy accepted at that time. 

No less a scientist than Immanuel Kant was the first in 
Germany to hold academical lectures on physical geography. 
Kant’s lectures were published in text-book form at Konigs- 
berg in 1802. They gontained nothing remarkably new, yet 
an importance attached to them as*the first attempt to collect 
the subject-matter within concise and definite limits. 

In the years 1827 and 1828 Alexander von Humboldt 
delivered his famous lectures at the Berlin University and the 
Academy of Singing. Under the inspiring influence of this 
great geographer, Friedrich Hoffmann prepared his inter- 
esting work on physical geography (1837). Almost simul- 
taneously, in the year 1836, Heinrich Berghaus published 
at Gotha a Physical Atlas which contained a collection of maps 
presenting the facts of physical geography in a manner that at 
once appealed to the eye and understanding. This graphic 
treatment of the subject marked a new and successful 
departure in geography, which was immediately imitatec^ in 
other countries. The excellent Physical Atlas of the Scottish 
publisher, Keith Johnstone, is essentially an imitation of the 
Berghaus Atlas, increased by a few special maps of Great 
Britain, and some additions contributed by two German col- 
leagues, H. Lange and A. Petermann. The Geographical 
Institute at Gotha kept its leading place in cartographical 
science, and published between the years 1886 and 1892 a 
new and enlargdSi edition of the original atlas of Heinrich 
Berghaus, under the editorship of his nephew, Hermann 
Berghaus. ^ 

The year 1845 will ever be remembered in geographical 
science as the date of the publication of the first volume of 
Alexander von Humboldt’s great work, The Cosmos. This 
magnificent physical description of the world gives a complete 
account of the knowledge of natural science in all civilised 
races up to the middle of the nineteenth century. It is a more 
extensive work than had ever before been undertaken by a 
single individual, and a work that is not likely to be attempted 
again in the future. As Peschel has said, Humboldt’s Cosmos 
comprises thousands of facts, of measurements, and of cal- 
culations reckoned according to the most exact scientific 
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methods which were theiv known ; it is an wiaoo or 

mirror of the woild, of the most faithful kind. 

Immediately before the publication of Idumboldt’s Cosmos^ 
in 1844, Bernhardt Studer, the Swiss geologisj, published a text- 
book of physical geography and geology, wbic'h ib remarkable 
for its clearness of disposition, mastery of the subject, familiarity 
with the literature, and conciseness of treatment. 

Numerous text-books of physiograplyical geology appeared 
in the latter half of the nineteenth century; amongst others 
may be mentioned those of Oscar Peschel (1879), of Siegmund 
Gunther (new cd , 1897-99), popular TeJ^re of Elisce 
Reclus (1868-69), those of Hann, Bruckner, and Kirchhoff, 
and the able chapters in Sir Archibald Geikie’s Texi-hook of 
Geology (3rd cd., 1893). 

Form, Size, and Weighl of ike Earth.~T\\t determination 
of the form, the size, and the weight of the earth, although of 
great interest to geologists, is more especially the domain of 
the geographer, and cannot here in the narrow limits of space 
be treated with historical detail. Suffice it to state the present 
standpoint of our knowledge. For the actual form of the 
earth, with its numerous deviations from the spheioid of 
rotation, Listing proposed in 1872 the name of '‘Ocoid,’’ and 
it is at present one of the chief tasks of the International Com- 
mission for the measurement of the degree to arrive at the true 
form of the geoid. 

The form of the geoid, however, cannot be discovered 
merely by trigonometric methods ; probably the pendulum will 
play an important part in the future solution of the problem. 
It has already been demonstrated that the oscillations of the 
pendulum do not everywhere depend upon the distance from 
the earth’s centre; it is more especially in the interior of con- 
tinents that the deviations indicate a diminution in the force 
of gravity. Faye is therefore of opinion, that in consequence 
of the stronger cooling, the earth’s crust is denser under the 
floor of the ocean than under the continents. Helmert, 
Hergesell, Drygalski, and others, have supported Faye’s hypo- 
thesis in its main features; they are of opinion, however, that 
the attractive force exerted by continents on neighbouring 
ocean surfaces is more or less compensated for by the smaller 
density of the earth’s crust under the continents. 

The pendulum observations made by Von Sterneck in the 
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eastern Alps and Carpathians yielded results which showed as 
a rule relative “defects of mass^' in the mountains, and 
“surplus of mass’’ in the plains, and such results suggested 
in geological circles a correlation between crust-movements 
and conditions of* density in the crust. But, since the publica- 
tion of these measurements, more recent observations taken in 
the leading European and foreign observatories, have led t<S the 
conclusion that there is no immediate connection between the 
density of the earth’s "crust and the tectonic structure of the 
crust. 

' Pendulum observations are even more important for the 
determination of the specific gravity of the earth than for 
questions regarding its form. According to the law of gravita- 
• tion, the action of two masses is proportional to their size, and 
inversely proportional to the square root of the distance of 
their central points of attraction. Hence if a body be simul- 
taneously subjected to the attractive forces of the earth, and of 
another mass of some considerable gravity, the density of the 
earth may be calculated from the result. 

The two Scotsmen, Maskelyne and Hutton, made in the 
years 1774 to 1776 a series of admirable experiments at 3 *the 
mountain of Schiehallion, in Perthshire. Their aim was to 
arrive at the density of the earth by means of the pendulum 
deviations in the presence of the mass of Schiehallion. The 
size, form, and weight of the solitary mountain were calculated 
by trigonometry, and the local deviations of the pendulum 
were observed as the pendulum was brought into the neigh- 
bourhood of the disturbing mass of Schiehallion, the result 
was a gravity of%.7i3 for the earth. Observations have since 
been taken at many different parts of the world, and various 
figures have been in later years given for the earth’s gravity 
(4.39, 6.62, and 5.77). 

All determinations of the earth’s gravity agree in showing 
that the gravity of the earth as a whole is very much greater 
than the gravity of the rocky crust, which has an average 
gravity not exceeding 2.5. Thus w^e know the important geo- 
logical fact that the interior of the earth is neither empty nor 
can it be filled with water, but it must consist of substances of 
very great weight. 

TJ^e EartJis Iniernal Heat and the Constitution of its 
Interior , — It has long been known that the heat of the sun 
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and the atmosphere influences the temperature of the ground 
only to a limited depth below the surface. It was determined 
dining the eighteenth century that external mfluenccs are 
perceptible only within depths of about 30 feet, or as far 
down as 80 feet, according to the geographical position of the 
locaHty. At the so-called ‘‘'ncutrar’ zone, or critical horizon 
of depth, there is a constant temperature which practically 
corresponds with the aveiage annual temperature of the par- 
ticular place. Below this zone of constant temperature, the 
temperature increases in mines, and the increase can only be 
attributed to the earth’s own heat. This increase of tempera- 
ture had already been noted by Kircher and Boyle in the 
seventeenth century, but it was not until 1740 that definhe 
observations^ were made by Gensanne in the lead-mines of 
Giromagny in the Vosges. Gensanne’s result demonstrated 
an inciease of i C. for 114 feet of depth. Measurements 
were made in 1790 and 1791 in the Freiberg mines by Freies- 
leben and Alexander von Humboldt; Lean took observations 
m the Cornwall mines, Fantonetti in Italian mines and 
Alexander von Humboldt^ in South American and Mexican 
minefi. All these observations were based upon the tempera- 
Uire of the air in the mines. But, as it was pointed out by 
Cordier and Reich, this temperature is influenced by air 
currents, by the mining work, and by the breath of the miners 
and of animals. Cordier and Reich then placed the thermo- 
meter in the rock itself, and taking necessary precautions for 
correction of experiments, arrived at results of a more reliable 
character. Cordier reports from French mines an averaoe 
increa^ of temperature of C. for 25 metres 77 feet) 
while Reich reports grades of 41.84 metres {circa 129 feet). 

Since 1828, temperature observations have been continuously 
taken in the mines of Saxony and Prussia, and these yield an 
aveiage of^i C. for 167 feet, but as the variations range from 
to 355 reet, it is impossible to diaw any definite law. In 
Lngland, the British Association for the Advancement of 
Science about twenty years ago appointed a special commis- 
sion for investigations of the ground temperatures, and the 
relative capacities of heat conduction shown by different 
r*?!’ number of observations have also been con- 

ributed by other lands, but as yet no definite results have 
been obtained. The ground-borings made in various countries 
have afforded a means of taking observations on the increase 
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of temperature ; generally speaking, they show an increase of 
1° C. in grades of about 30 to 3*4 metres (104 to 118 feet). 
The results yielded by borings have been confirmed by observa- 
tions in the great Alpine tunnels. 

The Italian |eologist, Giordano, published in 1870 exact 
observations made in the Mont Cenis tunnel, and the German 
civil engineer, Stapff, published those in the St. Gothard Kinnel 
(1877-80). In the middle of the Mont Cenis tunnel the rock 
has a temperature 01^29.5° C. 

In spite of the numerous local variations in the exact rate 
of increase of temperature, there can be no doubt that the 
temperature of the ground increases so far as depths below 
the surface have yet been reached ; the probability is that at 
still greater depths still greater increase of temperature takes 
place. Hot springs in many cases rise from great depths, and 
cannot be shown to have connection with volcanoes or with 
any particular geological formation. 

Calculations have been made with respect to the probable 
rate of progression in the increase of temperature at depths 
still unattained, but the results cannot be regarded as trust- 
worthy. Thus, although all geologists agree that the jise of 
temperature in the earth’s crust is due to the internal heat of 
our planet, we have not yet sufficient data to determine either 
the prevailing inner temperature or the thickness of the earth’s 
crust. 

At the same time, the hot springs and geysers indicate 
temperatures that reach the boiling-point in the earth’s crust, 
and the wide distribution of volcanoes demonstrates still higher 
degrees of temperature in the crust. The scientific authorities 
in the first half of the nineteenth century regarded it as an 
accepted fact that the earth’s nucleus was molten, and was 
surrounded by a comparatively ^in crust. Humboldt and 
Elie de Beaumont valued the thickness of the earth’s crust at 
40 to 50 kilometers, and this result almost agrees with the 
more recent work of the Rev. O. B'isher, who valued the thick- 
ness at 25 English miles. But the calculations made by 
various authorities differ very considerably, some calculations 
giving a result of only 14 English miles for the thickness of the 
earth’s crust, others a result as great as 75 English miles. 

The great chemist, Sir Humphrey Davy, did not beMeve 
in the original molten condition of the earth’s nucleus. He 
believed that the earth’s nucleus was originally composed of 
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the eaithy and alkaline metals, and that its prevailing hicrh 
temperature was due to chemical processes. Davy’s explaiia- 
tion afterwards found favour with De la Rive and Charles Lyell. 
Volger explained the heat of the earth paitially as a product of 
the pressure which the higher mountain-systems exert upon 
the regions underlying them, partially as a result of the 
chenircai changes constantly going on in the earth’s crust * 
and the Ultraneptunist chemist, Mohr, in his Geschichie der 
Erie (1866), explained the yiternal hea'c of the eartli as "a 
transmutation of the sun’s energy by chemico-physical nro- 
cesses. 


Lichtenberg and Franklin tliouglit that tlie firm earth’s crust 
surrounded a half-gaseous, half-viscous mass of very great 
density. This opinion was accepted by Herbert Si)encer,\nd 
has since been placed upon the basis of the IMechanical 
Heat Theory by Ritter (1879) ‘^^d the geographer Zoppritz 
(TS82). According to this theory, there is under the firm 
crust a zone of viscous mateiial, then a zone of more fluid 
material ; the earth s nucleus itself, however, is said to consist 
of an outer gaseous part, in which the gases are in their noimal 
conduion, and an inner gaseous part, in which they are above 
the critical point. Owing to the excessive pressure, the gaseous 
material of tlic eaith’s nucleus is said to become no less dense 
than liciiiid or solid bodies. 


The English physicist, Hopkins, has been one of the most 
famous champions of the theory of the earth’s rigidity. Seein^^ 
that the earth behaves as a fnm mass in response to the 
attraction of other bodies in the universe, and that the 
phenomena of precession and nutation are ^lol consistent 
with an even partially fluid or plastic condition of the earth 
J opkins concluded that the eaith has been rendered for the 
most part solid, in consequence of the cooling and of the o-reat 
williin the earth. Like Hopkins, Poisson and An^perc 
(1S68) were a so of opinion that the eaith’s nucleus could not 
be fluid, as otherwise the attraction of the moon would cause 
gigantic tidal waves to take place in the firm crust. 

lh_e physicists. Lord Kelvin (Sir W. Thomson) and George 
Larwin, also attribute great importance to the enormous 
interior of the earth, and the con- 
w 1 nucleus from this cause. Darwin agrees 

with Hopkins in respect of the behaviour of the earth relative 
to the sun and the moon, and tries to prove by calculation that 



PHYSIOGRAPHICAL GEOLOGY. 


179 


if the earth’s nucleus were molten, phenomena similar to ebb 
and flow would be induced which could only be resisted by a 
ciust of enormous thickness, circa 2000-2800 English miles 
thick. Besides, if the earth’s body were plastic, the oceanic 
tides would not only be induced by the attraction of the sun 
and moon, but would also be influenced by deformations of 
the earth-spheroid. There are, however, no indicatfons of 
this disturbing influence. Darwin therefore believes that the 
earth behaves as "a rigid body and possesses probably a 
viscous-elastic constitution. 

Lord Kelvin has essentially the same opinion, and ascribes 
to the body of the earth a degree of rigidity intermediate 
between that of steel and of glass. Starting from the nebular 
theory, Lord Kelvin (1862, 1879) supposes that the cooled 
and thereby heavier masses sank inward and formed an initial 
central nucleus, which always extended towards the periphery 
as the earth’s mass continued to cool, until Anally almost the 
whole earth became rigid. Kies and Winkelmann contested 
(1881) this hypothesis on the ground that not only a number 
of metals, but also silicate combinations undergo a decrease 
of density at the moment when they become solid, ^0 that 
they could not sink in a molten mass. 

The American, Barnard, wrote in 1877 a paper on the 
internal structure of the earth, considered as affecting the 
phenomena of precession and nutation. He agreed with 
Hopkins and Darwin that the behaviour of the earth under 
the attraction of other bodies in the universe shows a very, 
high coefficient of rigidity for the earth’s mass. Reyer in 
Yienna in the same year brought forward arguments in favour 
of the theory of rigidity, but supposed that the rigid magma 
of the nucleus was saturated and impregnated with solvents 
and gases in so great a degree, that whenever the pressure of 
the crust was relieved or modifled by fractures the nuclear 
material could readily become viscous or fluid, and capable of 
eruptive action. 

In opposition to the adherents of the earth’s rigidity, many 
geologists retain the older view, at least in part, in so far as 
they believe there is a zone of molten magma under the firm 
crust, and do not accept the extreme conception of the rigidity 
of the nucleus. 

Sterry Hunt advocated the view that the originally molten 
globe began to solidify in its central part. At the surface, 
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great pressure was exerted by atmospheric vapours of water, 
and the molten material became saturated with these! 
Chemical processes took place, and gradually a firm crust 
formed. 'I he lower layers of this crust came jby degrees into 
the sphere of influence of the earth’s own heat, and were there 
converted into a zone of “watery magma.” This intermediate 
zone between the crust and the firm nucleus is, according to 
Sterry Hunt, the particular region in v^ich plutonic and 
volcanic eruptions lake origirf. (“The Chemistry of the 
Pnmteval Earth,” Gcol. Mag., 1868-69.) 

Dana expressed the opinion that about two-thirds of the 
earth’s mass are composed of iron, and form a rigid nucleus 
above which a viscous, hot magma forms an intermediate zone, 
while beyond that zone the earth’s crust has a thickness of 
^out seven or eight miles. Amongst other investigators, 
O. Fisher strongly advocated a molten viscous condition of 
the earth's nucleus upon which the firm crust rests. Within 
recent years it has become customary to apply a certain 
definite terminology to the various zones of the earth's 
spheroid, in accordance with the supposed physical condition 
of each particular zonal region. Thus Sir John Murray, in his 
1 residential Address (Geogr. Sect Brit Assoc., 1899), said: 

When we regard our globe with the mind’s eye, it appears at 
the present time to be formed of concentric spheres, very like 
and still very unlike, the successive coats of an onion. Within 
IS situated the vast nucleus or cefitrosphere ; surrounding this 
IS what may be called the tekfosphere {tektos^ molten), a shell 
of materials in a state bordering on fusion, upon which rests 
and creeps the lithosphere. Then follow hydrosphere and 
atmosphere^ with the included biosphere (bios, life). To the 
mtei action of these six geg^pheres, through energy derived 
from internal and external sources, may be referred all the 
existing superficial phenomena of the planet” 

Recent seismological observations indicate the transmission 
of two types of waves through the earth— the condensational- 
rarefactional, and the purely distortional— and the study of 
these tremors supports the view that the centrosphere is 
not only solid,^ but possesses great uniformity of structure. 
Ihe. seisniological investigations of Professors Milne and 
Knott point also to a fairly abrupt boundary or transition 
surface, where the solid nucleus passes into the somewhat 
plastic magma on which the firm upper crust rests. 
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Morphology of the EartNs ^Surface. — In a general way 
Strabo, Seneca, and Ptolemy had discussed the geographical 
distribution and individual forms of the elements that make up 
the surface configuration of our globe. But the works of 
Cluverius, Nathanael Carpenter, Kircher, and Varenius in the 
seventeenth century, contain the earliest attempts at systematic 
treatment of surface forms according to their mode of origin. 
From the seventeenth century to the present day the study of 
the earth’s configuration may^be said to have gone hand in 
hand with that of geology, for the theories which at any time 
prevailed amongst geologists were not without influence upon 
contemporary views regarding the surface forms. 

Hutton and Playfair drew attention to the marked effects of 
water and heat upon the earth’s surface ; and Werner and his 
followers showed the connection between the geological 
structure of the ground and the particular distribution of 
surface forms — continents, islands, mountain-chains, solitary 
mountains, plateaux, valleys, etc. The first accurate and 
convincing proofs of the relation between geological structures 
and the shapes of mountains were given by Pallas and by De 
Saussure, who was the first to carry out the complete accent of 
Mont Blanc. 

As our geographical knowledge widened, the necessity made 
itself felt of grouping the scattered and fragmentary facts 
together and deriving from them some general principles of 
surface morphology. An effort in this direction was made 
towards the end of the eighteenth century by Reinhold 
Forster, whose Bemerkungen auf einer Reise ttm die WeltfjS^) 
contained aTormal treatment of such features as the shape of 
the continents, the structure and position of islands, coastal 
forms, and coral reefs. 

But the ever-increasing love of travel found its first in- 
spired scientific exponent in the great Humboldt, whose 
wonderful descriptions of his personal impressions of natural 
landscapes and form were as artistic as his classification and 
distinction of structural types in tropical America and in 
Central Asia were masterly. Humboldt’s writings bore essen- 
tially the stamp of an eye-witness, and were concrete in 
character. The works of Carl Ritter, his Mrdkunde and books 
of travel, were abtruse and teleological, the works of a student 
and thinker. Richthofen writes of him : “ Never have all the 
known facts regarding a group of geographical areas, never 
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have all the researches mi observations of others, been 
combined with greater completeness or with clearer philo- 
sophical conceptions than by Ritter in his monumental work 
on Asia. He has endeavoured 'to replace the meagre 
descriptions of his predecessors by a chorological representa- 
tion; he has gathered information from the most varied 
sources and kneaded it into an organic and intellectual whole, 
united by the principle of causality.^' (The^Tasks and Methods 
of Modern Geography^ Leipzig, 1883.) 

During the latter half of this century the abundance of new 
facts brought home by travellers of all nations has extended 
our knowledge with remarkable rapidity. But the treatment 
of the subject remained for a long time of the more formal 
and descriptive character. Most travellers contented them- 
selves with descriptions more or less accurate and with 
measurements, and were indifferent to the genetic aspects of 
geography. 

If we except the older works, that of Humboldt may be 
said to have laid the scientific foundation of a morphological 
treatment of surface forms. His calculations of the average 
height »of the great continents form the starting-point of a 
series of investigations, amongst which may be mentioned 
those of A. de Lapparent (1883), Von Tillo (1889), John 
Murray (1886), and of a number of eminent younger 
geographers. By the side of orography, oceanography has 
made even more remarkable progress during the centur}^ and 
has developed itself into an independent branch of the 
morphology of the earth's surface. Otto gave in 1808 a fairly 
complete account of the limited facts then knowiT about ocean 
forms. Great advances had been made when the American 
sailor Maury published his ^excellent work fifty years later. 
Maury gave a general idea of the extent of the ocean surfaces, 
the forms of coast-lines, the ocean tides and currents, the 
physical and chemical conditions of the water and the various 
organisms that inhabit the oceans, and was also enabled, with 
die help of three lines measured for the laying of tfie 
Transatlantic cables, to sketch the first section and the first 
map of the floor of the North Atlantic ocean. From these 
data Peschel in 1868 calculated the mean depth of the North 
Atlantic Ocean. 

A new era began in oceanography with the exploring 
expeditions of the English Challenger^ the German Gazelle^ 
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and the American Tuscarora, aU of which were carried out 
almost simultaneously in the years 1872-77. These were 
followed by a series of similar undertakings.^ 

The seas wer® investigated in all latitudes and in all zones 
by means of plumb-line soundings and deep-sea thermometer 
readings; and the ocean sediments were brought, from 
different horizons of depth by dredging-nets. In the year 
1843, Humboldt had known no greater depth than 2000 
metres. From the large number of observations taken by the 
Challenger and Tiiscarora expeditions, Samuel Haughton was 
able in 1876 to calculate the mean depth of the Pacific, 
Atlantic, and Indian Oceans at 3000 to 3,650 metres. 
Kriimmel in 1878 made a most careful and accurate 
calculation from all known data, and gave the mean depth for 
all oceans at 3,438 metres. 

The old hypotheses of Athanasius Kircher, Kant, Ritter, 
and others, about submerged mountain-systems and submarine 
prolongations of continents had to give place to the newly 
obtained data. It was found that the greatest ocean depths 
were not in the middle of the oceans, but as a rule along the 
edge of mountainous coast-lines. The floor of the oceifh has 
its different horizons of level ; smooth ridges, extensive 
plateaux with gentle slopes, narrow canal-like depressions, 
connected series of deep hollows extending to depths of 6000 
metres, and even 8,500 metres below sea-level, and undulating 
crust-forms occur in all the great oceans ; but under the water 
there are no toothed mountain summits, no steep ar6tes, no 
valleys and ra;j^ines such as we are familiar with amongst the 
surface forms of the land produced by subaerial erosion. 

The material brought up by dredging-nets shows the nature 
of the sediments that are in cours(^of deposition on the ocean- 
floor. ^‘On the continental shelf, -within the loo-fathom line, 
sands and gravels predominate, while on the continental slopes 
beyond the loo-fathom line, blue muds, green muds, and red 
muds, together with volcanic muds and coral muds, prevail, 
the two latter kinds of deposits being, however, more character- 
istic of the shallow water around oceanic islands. The com- 
position of all these terrigenous deposits depends on the 
structure of the adjoining land. ,1 

^ A complete account of the expeditions which have contributed to our 
scientific knowledge of oceanography has been given up to the year 1S83 in 
Boguslawsky's Handbuch der Oceanographies vol. i,, pp. 390-400, 
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The materials composing pelagic deposits are not directly 
derived from the disintegration of the continents and other 
land-surfaces. They are largely made up of the shells and 
skeletons of marine organisms secreted in the ^surface-waters of 
the ocean, consisting either of carbonate of lime, such as 
pelagic Molluscs, pelagic Foraminifera, and pelagic Algse, or of 
silica,** such as Diatoms and Radiolarians. The inorganic con- 
stituents of the pelagic deposits are for the most part derived 
from the attrition of floating ""pum ice, from the disintegration 
of water-logged pumice, from showers of volcanic ashes, and 
from the debris ejected from submarine volcanoes, together 
with the products of their decomposition.” (Sir John Murray, 
Brit Assoc., 1899.) 

Throughout the earlier parts of the nineteenth century much 
labour was expended on the description of different parts of 
the continents, but the treatment was too formal to advance 
the conceptions of the connection between the physiography 
and geology of the earth. A desire gradually made itself felt, 
not only to describe, to measure, and to compare the actual 
forms and to follow their distribution, but also to explain their 
origirf and development ; and the two sister studies more fully 
recognised their community of aim. The physical exposition 
of the Swiss Jura mountains by Thurmann, in 1832, gave a 
strong impulse to the new direction of thought in Europe, but 
it was in the wide plateaux of America that the first signal 
successes of physiographical geology were won. The brilliant 
works of Dana and Leslie were followed by those of Powell, 
Dutton, Gilbert, and other pioneer geologists in the Far West; 
by their vivid portrayal of the work of subaefial denudation 
the American writings roused the intellectual life of the middle 
of the century to new conc^tions on a grand scale. 

^ The gigantic erosion forms in the Bad Lands, the configura- 
tion of the Rocky Mountains and of the plateaux lands in 
Arizona, Colorado, and Mexico, the wonders of the Yellow- 
stone Park and California, called forth a new and rich literature, 
which demonstrated in the most convincing way that the sur- 
face-forms of those regions are mainly the result of the erosive 
activity of water. 

pavis, MacGee, Chamberlin, and others have worked along 
the same lines in the east of North America and the middle 
States, where ice rather than \vater takes the first rank as the 
agent which sculptured the prominent surface-forms. 
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Independently of the American^ the writings of Sir Andrew 
Ramsay, and of Sir Archibald Geikie and Professor James 
Geikie in Scotland, gave convincing evidence of the work of 
ice and water ypon the rocks. Riuimeyer contributed in 
Switzerland a brilliant paper on the formation of valleys, while 
Desor elucidated the leading features of desert and nn^raine 
landscapes, and his teaching found able followers in &im, 
Baltzer, Fellenberg, Du Pasquier, and Penck. De Lapparent 
and De Margerie in France, Toreil and Helland in Scandinavia, 
Muschketow and Lewakowsky in Russia, are the leaders in this 
direction of study. 

In 1869, Oscar Peschel had collected the principles of physio- 
graphical geology into a systematic form, and thus given the 
first incentive towards converting the study of this subject into 
an independent scientific discipline. Instead of the earlier 
formal grouping of the surface-forms, the treatment of the 
subject now betokened an effort to group together all types of 
form which have a similar genetic history. What Peschel tried 
to initiate in this direction was fully realised by Baron von 
Richthofen in his book, Fuhnr filr Forschujigsreisende (Berlin, 
1886). This work, designed primarily as a guide iit the 
methods of observation, is based for the most part upon the 
personal observations of the author during many years of travel 
in the Alps, Carpathians, North America, and China, and has 
become in Germany the standard work for the systematic treat- 
ment of surface-forms. 

In 1894, Penck accomplished the difficult task of arrang- 
ing our present knowledge of surface-configuration upon the 
basis of leading genetic principles. In his Morphologic dcr 
Erdohrfldche^ Penck has presented the chief results of the 
special literature of physiography ^n clear, concise form. A 
comparison of Richthofen’s Filhrer and Penck’s Morphologic 
with the older works on orography and hydrography, shows 
very plainly the great improvement that has been effected by 
the new methods of study in the domain of geography. 



CHAPTER III. . 

DYNAMICAL GEOLOGY. 

In the days of the Greek philosophers attention had been 
frequently directed to the changes in the surface confonnation 
of the earth, and the natural forces which produce them. 
Herodotus, Aristotle, Strabo, Seneca, Pliny, and others con- 
tributed valuable information regarding wind and weather, 
springs, water-courses, inundations, and earthquakes. A sys- 
tematic treatment of these agencies, with reference to the 
changes produced in the earth’s surface, was first carried out 
by the Belgian mathematician, Simon Stevin (1548-1620). 
But ^it was not until two centuries later, after the physical 
investigation of the earth’s surface had been conducted along 
scientific lines, and had shown the influence of these agents 
upon the existing conformation of the earth’s surface, that 
geologists began to correlate the past changes in the earth’s 
surface with similar natural causes. Then dynamical geology 
gradually developed as a branch of study intermediate between 
geography and geology, which was fostered fmm both sides, 
and proved useful to geography in so far as if elucidated the 
present constitution of the earth’s surface, to geology in so far 
as it served to explain the successive phases in the earlier 
ages. 

Hutton and Playfair had expressed the view that all earlier 
geological events were explicable upon the basis of the forces 
and phenomena still in action. The Scottish geologists had 
pointed out the importance of realising the high antiquity of 
our earth, and the gigantic work that might be accomplished 
by physical agencies small in themselves but acting throughout 
long periods of time. The fame and authority of the great 
Frenchmen, Buffon and Cuvier, lent support, on the other 
hand, to the conception of repeated earth catastrophes. 
Approaching the subject, as they did, from the standpoint of 
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the natural historian, rather than fr<im the more critical stand- 
point of the physicist, chemist, or geologist, the French 
scientists and their adherents were impressed by a sense of 
the utter dispropo^ion between the infinitesimal changes now 
taking place under the eye of man and the magnitude of the 
topographical and biological changes evinced in the reniote 
past. Changes of such magnitude must, they argued, have 
been the result of stupendous revolutions in the organic and 
inorganic world, revolutions who§e causes and effects were 
different both in kind and in degree from any known pheno- 
mena of the present age. 

The ^‘Catastrophal Theory met almost simultaneously in 
Germany, France, and England with strong opposition. In 
the year 1818 the Royal Society of Sciences in Gottingen, 
acting on a suggestion of Blumenbach^s, offered a prize for the 
best investigation of the changes that have taken place in the 
earthis surface conformatmi since historic twies, and the applica- 
tion which can be made of such knowledge m investigating earth 
revolutions beyofid the domam of history P 

This subject was handled by Carl Ernst Adolf von Hoff with 
brilliant success. The first volume of his great work tr<!h.ts 
of the relation between land and sea in historic time, the 
extension of the ocean surface owing, to the erosion of the 
coastal territories and invasions of the continents. The 
volume betokens complete mastery of all the literature on 
the subject, from the authors of antiquity to the nineteenth 
century. Von Hoff proves the baselessness of the tradition of 
a buried city, Vineta, on the Pomeranian coast, and regards 
with scepticism tffe alleged discovery of an old map in Heligo- 
land with geographical details of this island in the ninth, 
fourteenth, and seventeenth centuries. This map was found 
afterwards to have been fabricated. The origin of the Bosphorus 
and the Strait of Gibraltar as invasions of the Black Sea and 
the Atlantic Ocean respectively is held to be probably correct 
by Von Hoff, but he disputes the occurrence of these events 
within historic time. With scholarly skill, Von Hoff proves 
that the Platonic “Atlantis” and the submerged island of 
“Friesland” can only be regarded as fables. An excellent 
description is given of the changes occasioned along the sea^ 
board by the deposition of sediments, and is illustrated by 
reference to the Nile delta, the recent formations on the north 
coast of Africa, Syria and Asia Minor, the Black Sea, in the 
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Greek Archipelago, in th^ Adriatic and Tyrrhenian Seas, on 
the north coast of the Mediterranean Sea, and on the shores of 
the Atlantic Ocean, the North and Baltic Seas. 

The second volume treats of volcanoes,, earthquakes, and 
geysers. The author biings forward no new hypothesis about 
thc^ causes of these phenomena, but follows largely the 
views of Von Humboldt and Von Buch. The chief merit 
of Von Hoff is his careful epitome of all reliable informa- 
tion regarding the changes and disturbances which have 
been produced by volcanoes and earthquakes within historic 
time. 

Ten years elapsed beiwecn the appeal ance of the second and 
the third volume of Von Hoff's work. During the interval 
the first volume of Charles LyelFs Principles of Geology was 
published, and its influence upon Von Hoff is quite apparent 
in the third volume of his work. In this third volume, Von 
Hoff discusses the causes of the degradation of land. The 
changes in surface conformation and the gradual destruction 
of a continent are referred to atmospheric agencies, to the 
chemical and mechanical action of water, snow, and ice, to 
living organisms, and to the erosive action and usurpations 
of the sea over coastal territories. He discredits Buckland’s 
hypothesis of a universal flood in a learned and convincing 
chapter. 

The meritorious work of Von Hoff did not meet with the 
full recognition which it deserved. This arose largely from 
the fact that Von Hoff drew his data almost wholly from 
literature, his modest circumstances not permitting him to 
visit the localities of which he wrote,* his^ conclusions were 
therefore based upon historical evidence. 

In France, Constant ^Prdvost, quite independently of Von 
Hoffs work, attacked the catastrophal theory of Cuvier. In 
1825, Prevost announced his view that the physical conditions 
and phenomena of the present age were in every respect similar 
to those which had characterised the past geological epochs. 
In 1828, he repeated this opinion, and protested against 
the frequent inundations by the sea assumed by Cuvier and 
Brongniart to have taken place in the Paris basin. Prdvost’s 
nattack upon Cuvier’s theory had little effect, as it was not 
supported by any new data, and he weakened his arguments 
by allowing that certain geological forces might have developed 
stronger energies in past epochs than in the present. 
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The strongest combatant who ei^jLcred the lists against the 
catastrophal theory was Charles Lyell,^ a Scotsman by birth. 
Like his two older contemporaries, Alexander von Humboldt 
and Leopold von Buch, Lyell had the good fortune to enjoy 
an independent patrimony and to be able to devote himself 
wholly to science. While he was a student in Oxford, he 
attended Buckland’s lectures and showed a great interesi: in 
entomology. During pne of his vacjitions he accompanied his 
parents on a three months’ tour through France, Switzerland, 
and Upper Italy. It was then that Lyell felt his enthusiasm 
aroused for geological studies. Although he completed his 
law course in the following years, he spent his leisure hours 
on geology. In 1823 he was in Paris, where he made 
the acquaintance of Cuvier, Humboldt, and Prevost, and 
afterwards made excursions mth Constant Prdvost in the 
West of England and in Cornw^all. In the same year he 
visited Scotland in the company of Buckland. 

The manuscript of his Frmdples of Geology was almost 
complete in 1827, but before printing it Lyell felt the necessity 
of being able to bear personal testimony upon many points. 
Now followed a period in which he travelled to one pfece 
and to another, collecting a large number of new data, and 
enjoying the intercourse of the greatest geologists of his day. 
In the companionship of Murchison and his wife, Lyell in 1828 
visited Auvergne, the Velay and Vivarais, the Riviera, the 
neighbourhood of Turin, Verona, and Padua. He then con- 
tinued his journey alone to Parma, Bologna, Florence, Siena, 
Rome, Naples and Sicily, and returned home by Paris. His 
chief interest di?ring these journeys was concentrated upon 
volcanoes and the young Tertiary formations. 

The first volume of the Principles appeared in 1830, the 
second in 1832, and the third in 1833. Meanwhile Lyell 
continued to enrich his knowledge by frequent journeys to 

^ Charles Lyell (afterwaids Sir Charles Lyell, Baronet) was born at 
Kinnordy, in Forfarshire, Scotland, on the 14th November 1797, and was 
the son of a rich proprietor and the eldest of ten brothers and sisters. He 
passed his early childhood near Southampton, where his father had rented 
a country-house, attended school at Ringwood and Salisbury, studied in 
Oxford, then settled in London, and spent the rest of his life either in 
London or in travelling. He died in 1875, and was buried in Wesf- 
minster Abbey, (T. G. Bonney, Charles Lydl and Modern Geology ^ Lon- 
don, 1895, and Lifoy Letters^ and Journals of Sir Charles Lyell, Bart., 
edited by his sister-in-law, Mrs. Lyell, 2 vols., London, 1881.) 
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different parts of the Conf.inent In 1831 he gave a course of 
lectures on geology in King’s College in London. But Lyell 
would not undertake the duties of a Professor for any length 
of time. He resigned his post in order to devote himself 
exclusively to science. His wife Mary, a daughter of the 
geologist Leonard Horner, proved a devoted companion in 
all "his journeys throughout their long, happy, childless mar- 
riage, and was a zealous helper to hirp in his work, sparing 
him many of the laborious^ researches that might have been 
arduous for his weak eyes. 

The publication of the Principles placed Lyell in the first 
rank of geologists, and won for him universal recognition as a 
fine observer, an acute thinker, and a master of language. The 
success of his work was unexampled. In spite of its compre- 
hensive character, six editions of it appeared between 1830 and 
1840, a seventh in the year 1847, the eighth in 1850, the ninth 
in 1853, the tenth in 1866, the eleventh in 1872, and the 
twelfth shortly after his death in 1875. Throughout the long 
space of thirty-five years between the first and last editions, 
Lyell was indefatigable in his efforts to improve the work, to 
widen his range of knowledge by his annual tours, and to test 
his opinions by intercourse with his geological colleagues. 
Lyell was as much at home in the geology of Germany, 
Belgium, France, Switzerland, and Italy as in that of Great 
Britain. 

In the summer of 1834 he visited Denmark and Sweden, in 
1837 Norway, and in 1841 he undertook his first journey to 
North America. He stayed there one year, on this occasion 
visiting chiefly Canada and the eastern palt of the United 
States. He published an account of the journey in 1845, in a 
special work entitled Travels m North America, Soon after 
the publication of this volume, Lyell again crossed to America 
and investigated the southern states. The account of this 
journey appeared in another independent volume in 1849, 
the work contained, in addition to geological observations, 
much interesting matter regarding the people and their social, 
political, and religious relations. 

In 1854, accompanied by the German geologist Hartung, 
Lyell spent several weeks in Madeira and the Canary Isles, 
where he studied the volcanoes. In his later years he re- 
visited North America twice, and went to Sicily and other 
parts of Europe, sometimes for the investigation of some 



DYNAMICAL GEOLOGY. 


I9I 


geological question, sometimes for the sake of physical and 
mental relaxation. The Principles of Geology was published 
originally in four volumes. The first volume deals largely with 
the climatic variations in the history of the earth, and the 
influence of the^e upon local physical conditions and the 
nature of geological deposits. The second volume treats 
chiefly of the agencies of denudation and erosion, and com- 
prises special chapters on volcanism. The third volume 
contains a description of coral reefs, and discusses the various 
means by which organic remains may be preserved. The 
fourth volume is devoted to historical geology, and as Lyell in 
writing it adopted the results obtained in the previous volumes, 
he produced a geological text-book upon a basis which was at 
the time quite new. This volume was afterwards published 
independently under the title of Elements of Geology^ and 
passed through six editions before the year 1871. 

The authors aim in the Principles is described in the 
alternative title of the work as “an inquiry how far the former 
changes of the earth’s surface are referable to causes now in 
operation.” After an elucidation of some leading conceptions, 
and a shoit but excellently written history of geology as (m as 
Cuvier and Brongniart, Lyell discusses the causes of the slow 
development of his science, and the many false directions into 
which It had so often been misled. 

He shows how theological prejudices and the stubborn 
adherence to the Mosaic reckoning of time had stood in the 
way of a right appreciation of the earth’s history. The defec- 
tive knowledge of physical phenomena now in operation on 
the floor of the ^cean and in the interior of the earth had also 
served to retard the progress of knowledge respecting the 
formation of the primitive earth-crust. But in Lyell’s opinion 
the greatest stumbling-block had been presented by the quite 
unphilosophical hypothesis that forces different from any 
known in the present day had been active in earlier epochs, 
and that the physical forces still existing had in the past been 
stronger in their action, and had produced effects which could 
not now be equalled. Further, the supposition that the sedi- 
mentary deposits had originally extended uniformly over the 
whole earth, as well as the catastrophal theory of sudd^ 
-changes in the distribution of land and sea, in the climatic 
relations, and in the organic creation, had, according to Lyell, 
been hurtful to a healthy development of geology. 
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The climatic variations during former periods of the earth 
were discussed by Lyell in considerable detail. He opposed 
the opinion that climatic changes had been due to the gradual 
coolir^ of the earth from an originally molten state, but admitted 
that durinc^ the Tertiary and Diluvial epochs there had been a 
warmer efimate in Europe. During the Secondary epochs 
reef-corals had inhabited the temperate zones, and m the 
Carboniferous epoch tree-ferns and other^plants indicative of a 
moist and warm climate had -hourished as far north as^ 75" N. 
latitude. Lycll traced climatic variations to the varying dis- 
tribution of land and water, to the influence of ocean currents, 
to icebergs, and the accumulation of glacier-ice in the polar 
districts and in the high mountain-chains. He pointed out the 
geoloo'ical phenomena characteristic of the Carboniferous epoch 

the wide distribution of submarine volcanic products and 

pelagic limestones, the basin-shaped occurrence of the sedi- 
mentary rocks, the absence of large terrestrial and fresh-water 
vertebrates, the absence of purely fresh-water deposits, and the 
insular character of the flora, hrom all these characteristics, 
Lyell concluded that tlie northern hemisphere had been 
covered during the Carboniferous epoch by an island-studded 
ocean. He then depicted the later epochs, showing that 
during the Secondary epochs large continents^ arose in the 
temperate regions and produced a change of climate; during 
the Tertiary time the continents in the northern hemisphere 
became more extensive in the direction of the North Pole, while 
the Alps, Apennines, and Pyrenees rose as massive mountain- 
chains, and promoted the gradual approach of the present 

climatic conditions. ' .t j 

Lyell, in the earlier editions of the Principles, attributed 
little importance to the influence of astronomical causes upon 
terrestrial variations of climate; afterwards he thought these 
more worthy of consideration. More especially the changes in 
the eccentricity of the earth’s orbit and in the precession of the 
equinoxes were treated as important climatic factors, and 
turned to account in the explanation of the Ice Age. 

Having opposed the “ Catastrophal Theory in the first 
volume of the Principles, Lyell tried to establish the unifor- 
mity of all natural agencies in past epochs and in the present, 
and both in the organic and inorganic world. 

The subject-matter of the second volume covers the same 
ground as Von Hoffs work, but while the German geologist 
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limits himself to a compilation from data recorded^ in litera- 
ture, Lyell adds his own observafions in confirmation of, or 
opposition to, received opinions. The geological action of 
water is first discussed. The destructive and transposing 
agency of running water is demonstrated by numerous examples, 
amongst others particular interest attaches to ific admiiable 
exposition of the channeling of the Simeto bed at Etnat and 
the erosion of the Niagara ravine. Lydl^ in the earlier editions 
of this volume, was* of opinion, that in addition to stream 
erosion the formation of valleys had been in many cases assisted 
by the occurrence of earthquakes or landslips, or controlled by 
local inequalities in the rate of withdrawal of the ocean, but in 
the later editions he attributed the large majority of valley 
cuttings to river erosion alone. 

Again, in the earlier editions of this volume, ice and glaciers 
received little attention, but in later editions a special chapter 
was devoted to them, and Lyell endeavoured to explain the 
occurrence of erratic blocks as a result of the transportation of 
rock-material by icebergs and floes. 

The chapter on volcanoes and earthquakes includes not only 
a summary of their distribution and manifestations, bu^also 
detailed descriptions of the district of Naples and Etna. In 
describing Monte Somma, and the volcanoes of the Canary 
Isles and Santorin, Lyell opposes the theory of “Elevation- 
craters,” and explains the circular walls of inclined strata round 
a central crater as the ruins of former cones of ejected material 
In connection with earthquakes, attention is especially directed 
to the accompanying phenomena of crust-fissures and alterna- 
tions of levels The variations at the temple of Serapis, 
near Pozzuoli, are instanced in illustration of the frequency 
with which changes of level may take place in opposite 
senses. * 

The slower variations of level, independent of volcanisra, 
and affecting large areas, were not fully treated by Lyell in the 
early editions of the Pnnciples ; but after his travels in 
Scandinavia, a chapter on this subject was introduced, and in 
. it Lyell supported the view that the northern portion of 
Scandinavia was slowly rising. 

Lyell attributed volcanoes and earthquakes to the high 
pressure exerted upon the crust by subterranean vapours atid 
gases which become heated and endeavour to expand. 
Chemical, electrical, and magnetic influences cause, according 

13 



194 history of geology and paleontology. 


to Lyell, local rise of temperature in the earth’s crust, so that 
larger and smaller reservoirs of melted rock-material may 
accumulate. If the water and gases impregnating the rocks 
are conveited into vapour, volcanic eruptions and earthquakes 
ensue. The slow elevations of the ground are<*also referred by 
Lyell, in the later editions of the Principles^ to subterranean 
rise af temperature and to the consequent expansion of the 
solid rocks, whereas decrease of temperature or the removal of 
gaseous material gives origin tg subterrandkn cavities, inthrows, 
and subsidences. 

Lyell was during the greater part of his life an opponent 
of Lamarckism. In the early editions of the Frmciples, he 
recognised the occurrence of constant change in the organic 
world, but refused to associate the modification of living forms 
with any definite history of evolution during the successive 
geological ages. He began with the fundamental question 
whether changes in the animal and plant world were still in 
progress, or if organic creation had already arrived at its 
highest development. After discussing Lamarck’s views on 
the production and modification of organs, Lyell enumer- 
ated a number of data regarding the limits of variability 
of wild and domestic -species and the results of cross- 
breeding, and expressed his conviction that each species 
had been created with the characteristics still presented by 
it. Pie allowed that species can to a certain extent accom- 
modate themselves to their environment, but asserted that 
the possible changes were slight, and rapidly accomplished, 
having no influence upon the essential characteristics of 
the species. He held that unlimited variability was further 
prevented by the natural aversion of species in the wild 
state to cross-breeding, and by the small fertility of hybrids. 
Lyell afterwards revoked rthese opinions, a change in his 
views having been effected by the writings of A. R. Wallace 
and Charles Darwin. 

The two fainous papers of these authors on the variability of 
species appeared simultaneously in the year 1858 in the 
publications of the Linnaan Society. Darwin’s epoch-making . 
work on the Origin of Species by Natural Selection was 
published in the following year, and another work of that year 
was W. Hooker’s Flora of Australia. 

Lyell together with the great zoologist Huxley and the 
philosopher Herbert Spencer, at once enthusiastically accepted 
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and upheld the newly-founded doctrine of descent. And the 
tenth edition of iht .Prmciples, published in 1866, contains an 
excellent account of the leading principles of Darwin’s work 
and its bearing upon scientific thought. The chapter on the 
geographical distribution of plants and animals, upon which 
Lyell had spent considerable care in earlier editions, had to be 
completely re-written in the light of Darwin’s theory, * As it 
now stands, this chapter presents a wealth of fine observations 
and geological conclusions, and is an admirable model of the 
scientific treatment of a subject. The extinction of species is 
explained through changes both in the organic and inorganic 
world, the appearance of new species is attributed to the 
modification of progenitors. 

In the eleventh edition, Lyell summarised in a special 
chapter the chief features of his work, On the Age ef the Ruman 
Race^ which had been published in 1863. In LyelFs opinion, 
all human races and sub-races had sprung from a uniform 
prototype which had originated in one area of the globe. 
All the early human remains gave evidence that the state of 
culture of the first ancestors of mankind had been extremely 
low ; and he saw no reason for assuming that man had^taken 
origin through any other agency than the working of those 
universal laws which had determined the origin of species in 
the plant and animal kingdoms generally. 

In the fourth volume of the Fri?icipleSy afterwards adapted 
as the Elements of Geology^ Lyell followed the precedent of 
Deshayes and Bronn in his sub-division of the Tertiary 
deposits. He calculated the percentage of living molluscan 
species preseriT in the successive groups of the Tertiary strata, 
and upon the percentages fixed a definite basis of sub-division 
into Eocene, Miocene, and Pliocene formations. Lyell drew 
his account of pre-Tertiary formations for the most part from 
the text-books of Conybeare and De la Beche. He applied 
the term of primary formations to the plutonic rocks and the 
crystalline schists. Lyell opposed the idea that any funda- 
mental distinction existed between plutonic and volcanic rocks, 
and assumed that granitic and other coarse-grained crystal- 
line rocks might still be in course of formation at great depths 
below the surface, and under the enormous pressure of super- 
incumbent rocks. He showed that granite had been intruded 
at various geological epochs, and was by no means invariably 
the oldest rock, as the Wernerian school had taught. Lyell 
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proposed the term metamorphlc rock for the crystalline schists, 
which he regarded as normal deposits of sand, clay, or lime- 
stone, subsequently altered in structure by contact with hot 
eruptive material and by subterranean heat. Thus Lyell in 
the question of rock-metamorphism at first preserved precisely 
the attitude of Hutton, but in later years he ascribed the 
processes of crystallisation partially to mechanical causes, more 
especially to strong pressure, , 

The appearance of Frinciples was epoch-making. 

Since Werner, no geologist had in such a high degree influ- 
enced and re-modelled the views of geological science. Al- 
though, unlike Werner, Lyell did not impart his ideas directly 
as a teacher, he was personally on terms of intimate acquaint- 
ance with all the greatest of his contemporaries, and no man 
could better appreciate the value of the latent currents in 
scientific thought, nor more skilfully render them intelligible 
to others 

Lyell was a master of clear exposition ; his writings appealed 
to a wide public, attracting many to give more serious attention 
to the study of geology, and establishing it as one of the most 
populafir branches of science. 

Throughout his life he was untiring in his denunciation of 
any remnants of the unfounded hypotheses promulgated in 
earlier centuries, and he waged a constant combat against the 
unscientific fabric of the Catastrophal Theory. He taught 
the Uniformitarian doctrine of Hutton and Playfair. The 
earth, in LyelFs opinion, is the scene of never-ceasing change \ 
but while on the one hand he refused to accept the idea of 
universal catastrophes, on the other he saw no cfirect evidence 
of progress and development in the history of the earth. 
The Uniformitarian doctrine recognises neither beginning nor 
end in the earth^s history, and opposes just as strongly as the 
Catastrophal Theory the conception of a progressive evolu- 
tion. 

LyelFs views were welcomed with enthusiasm in Great 
Britain, and have there had a lasting influence upon the 
methods and tendencies of geological research. In Germany 
also, where Von Hoff had paved the way, LyelFs works 
attained immediate celebrity, and were made widely known 
by several translations. But the personal influence of Von 
Humboldt and Leopold von Buch was still too powerful to 
allow a rapid acceptance of the Uniformitarian doctrine. 
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France was even more reserved towards this aspect of Lyell’s 
work. The ideas of Cuvier were deeply rooted, and were ably 
supported by Elie de Beaumont and Alcide d’Orbigny. It 
was not until after the death of these two gifted scientists that 
the Uniform itanans could become successful. Many of Lyells 
opinions, more especially his theories regarding crystalline 
schists, were warmly contested, and his explanation of vol- 
canic phenomena a®d mountain-making was afterwards found 
insufficient. At the same tim&, the leading principle of his 
geological teaching — that the key to the solution of the events 
of the past is to be found in the study of the natural 
forces still acting — has remained as the secure basis of 
all modern geological investigation. The recognition of 
this grand principle gave a new significance to dynamical 
geology, and brought it at once into prominence among 
geologists. 

Sir Henry de la Beche wrote in 1835 excellent in- 
troduction to dynamical geology, entitled I/ow to Observe; 
in later editions, the title was changed to The Geological 
Observer, De la Beche followed essentially the same 
method as Lyell, and his book, which is full of new •obser- 
vations and facts, may almost be regarded as a supplement 
to LyelFs Principles, 

A. Geological Action of the Atmosphere. — The destructive and 
constructive activity of the atmosphere plays in general but a 
small part in the conformation of the earth’s surface, and was 
for a long time neglected by geologists. Chemical effects can 
only be produced by the atmosphere in its combination with 
water or living organisms. Mechanical forms of destruction 
are effected by the atmosphere in ^1 regions subject to marked 
extremes of seasonal or diurnal temperature, the wasting of 
the rocks being considerably aided by the strain of alternating 
expansions and contractions. The geographer Livingstone 
was the first who observed that in the African deserts sharp 
fragments sprang away with a ringing tone from the basalt rock 
whenever a hot day was succeeded by a night with very low 
temperature. Other travellers have since confirmed this 
observation, and have ascertained that the so-called “ Ham- 
mada ” region undoubtedly owes its surface-mantle of angular 
fragments of stone to the destructive effects of rapid variations 
of temperature. 
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According to Tietze (i886i, the debris in the sterile rainless 
mountain-territories of Persia is chiefly produced by the dis- 
integiating influence of insolation. Again, in the region above 
the snow-line in mountain-chains, the accumulations of debris 
are attributable to the daily alternation of frost and warmth ; 
but in^most areas the strain is occasioned not so much by the 
rapid change of temperature as by the presence of water in 
the fine rock-fissures, and the pressure exerted during alternate 
freezing and evaporation of th^ w'ater. 

The geological effects of the wind are of importance. 
Neglecting here the disturbances caused by hurricanes, many 
striking phenomena have been traced to the influence of 
wind-borne sand or dust As early as 1847, Naumann 
described polished and furrowed rocks near Hohburg, in 
vSaxony, and erroneously ascribed the appearance to the 
action of ice. Heim in two papers, in 1870 and 1874, 
showed that the markings on the rocks had been pro- 
duced by wind-swept grains of dust and sand. Similar 
wind scratches had been mentioned by Blake in 1855, and 
by Gilbert in 1874, from the western states of America. 
Zittel,® Rolland, Walther, and others have reported how fre- 
quently one may observe wind-worn rocks in the Sahara 
with a polished glassy surface, dotted with cavities, or deeply 
scored and fluted. 

Other phenomena of a more imposing nature in the great 
desert wastes and steppes owe their origin to the wind. In 
the Monument Park of Colorado, the numerous picturesque- 
looking rocky pillars with a narrow basis have been explained 
by Gilbert as remnants left by wind-weathering. The clouds 
of dust borne along by the wind attack chiefly the lower levels 
of the pillars, and reduce j^hese so that the top-heavy upper 
portions are gradually undermined. Similar appearances in 
the Arabian desert have been described by Fraas, who called 
them “ Fur-cap Rocks, on account of their characteristic form; 
Walther called them “Mushroom” rocks. More recently, 
“three-cornered” rocks in the dunes and steppes of Northern 
Europe, in the Rhone Valley, in the neighbourhood of Vienna, 
and other European localities, have been attributed to the work 
of .the wind. In the Sahara, pillars or table-like eminences 
have been undercut by wind-borne dust and sand, and remain 
as “island rocks” — the so-called “gurs of the desert.” Long- 
continued action of the wind may hollow out basin-shaped 
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cavities, channels, and tunnels in% sand-dunes, clay, and loess 
deposits, and in glacier ice. 

The formation of sand-dunes is due to the driving action of 
prevailing winds blowing over flat sea-boards and arid inland 
districts. Lyell, De la Beche, and Elie de Beaumont were 
among the earlier investigators of sand-dunes, and later aythors 
have added much to our information on the changes of shape, 
the mode of travel, and the particular kinds of sand character- 
istic of the dunes in various loc^ities. 

The clay deposits so widely distributed in the Pampas of 
South America were considered by A. Bravard in 1837 to be 
seolian or wind-blowm deposits ; but Burmeister regarded 
them as fluviatile in origin, and Santiago Roth as partially 
marine and partially fluviatile in origin, afterwards altered by 
the growth of vegetation. 

The term “ loess has been applied to yellowish clay or 
loam deposits, which vrere first described in the Rhine Valley, 
and have been found to be present sometimes in remarkable 
thickness over wide tracts of country. Baron von Richthofen 
found in China that these deposits attained thicknesses of 
1500 to 2000 feet, and occurred locally as high as 70010 feet 
above sea-level. He noted the want of stratification and the 
uniform character of loess deposits over great distances, its 
constituents being invariably the finest particles of sand, clay, 
and limestone, no matter what the nature of the ground might 
be upon which the loess had gathered. He further observed 
its porous structure, and showed that the rootlets of grass 
growing on its surface gave origin to pipes similar to those 
which perforated the whole mass. Another important feature 
was the rich occurrence of remains of land molluscs, and of 
herbivorous and other mammals, whereas fresh-water shells 
were absent. Upon the evidence of those observations, Von 
Richthofen concluded that the loess had originated as wind- 
drift. And he pointed out how the dry, fine-grained material, 
readily transported by wind, would naturally tend to accumu- 
late on vast steppes covered with grassy vegetation. At the 
same time. Von Richthofen recognised a “lake-loess” in 
certain localities, in the formation of which water had 
participated. 

This explanation ot Von Richthofen’s was then applied to 
European occurrences of loess deposits, but the question 
seems to be one which has to be determined independently 
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in each locality. A numbper of geologists have upheld the 
opinion of Lyell and Agassiz that loess was of lacustrine or 
fluvio-glacial origin. Giimbel, in discussing the Bavarian 
loess deposits, drew attention more especially^ to the effects of 
intermittent inundations of land during the frequent oscilla- 
tions^ in the retreat of the Alpine glaciers. Laspeyres, 
Baltzer, De Lapparent, and others think that torrential rains 
and other subaerial forms of water have assisted in the for- 
mation of loess. * 

B. Geological Action of Water — Springs. — Water takes 
undoubtedly the first and most important place amongst the 
epigene geological agents. Its chemical and mechanical 
activities are partly destructive, partly reproductive. They 
affect the whole surface, and have not only determined 
the present conformation of our planet, but have also given 
origin to a very considerable part of the rock-material of 
the Earth’s crust. 

The authors who have contributed most to our knowledge 
regarding water circulating in the ground are Bischof, Para- 
mell^, Lersch, and Daubrde. Gustav Bischof wrote the first 
scientific account of springs, illustrating it with his owm 
numerous observations on the relations of the underground 
water in the Rhine Valley, on the ascent of springs, on 
Artesian wells, and subterranean water-courses. Many of the 
examples cited by Bischof are now familiar in text-books of 
geology and physical geography. LA rt de dkouvrir ies Sources, 
a work written by Abbe Paramelle, and translated into 
German by Cotta in 1856, contains excellent hints on 
the methods of finding springs and underground water, 
Paramelle was the most successful water-diviner that ever 
lived; France owes to him the disclosure of numerous 
springs. In 1864 and 1865 B. M. Lersch published at 
Berlin his books on the Chemistry and the Physics of Natural 
Waters. Plis HydrO’ Chemistry gives especial attention to the 
therapeutic aspects; while in the Hydrophysics there is, in 
addition to his own observations, a carefully collected and 
accurate account of all springs previously mentioned in 
literature. Although the arrangement of this w^ork leaves 
much to be desired, the fund of information which it contains 
gives it permanent value as a book of reference. 

The most complete works on natural waters are those 
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published in 1887 by Daubr^e,^ imder the titles of Les eaux 
sous-terraines a rkpoque acinelk^ and Les eaux sous-terraines 
aux tpoques andennes. They treat m a comprehensive and 
scientific manner the origin, the geological occurrence, the 
physical and ch?imical properties of normal springs, under- 
ground waters, mineral and thermal springs. In an earlier 
work, Daubr^e had described the results of his experinlentai 
researches on the geimeability of different kinds of rock. 
The famous author was not content with a record of his 
own wide knowledge and experience of springs, but exhausted 
all geological and geographical literature on the subject, and 
even referred to special technical estimates and journals. 
In the first volume, Daubrde devoted a chapter to Artesian 
\vells, which he classified according to the geological age 
of the particular water-bearing strata. He distinguished 
common or normal springs and ihennal springs whose water 
moves according to hydrostatic laws, from the underground 
waters forced onward by carbonic acid and other gases, or by 
vapour. The second volume contains an account of the 
chemical composition and the temperature of springs and 
underground water, and this is follow^ed by a discussion ^f the 
Earth^s heat and the possible significance of the circulation 
and ingress of water in deep horizons of the crust as a means 
of inducing volcanism. The last volume treats of the geological 

^ Gabriel August Daubree, born at Metz, studied at the Polytechnic 
Schpol in Paris ; began bis career as a mining engineer in 1834, and was 
sent to England, Sw^eden, and Norway on a commission from the Govern- 
ment. As mining engineer and Professor of Mineralogy and Geology in 
Strasburg, he devoted his time to the geological relations of Alsace, and 
published in 1849 a geological map of Lower Alsace, following it in 1852 
by an excellent geological desciiption of this neighbourhood. During the 
years 1S57-61 Daubree was engaged in kading and collecting the springs 
of Plombieres, and had opportunities of making impoitant observations 
on the chemical action of thermal water. These were the basis of his 
subsequent experimental attempts to determine the geological action of 
superheated aqueous vapours. In 1861 he became Professor of Geology 
at the Museum in Paris, and displayed untiring eneigy in this capacity, at 
the same time carrying out a brilliant series of experimental researches for 
which his name will ever remain famous in the annals of geology. From 
the year 1862 Daubree also taught mineralogy at the School of Mines, 
and in 1872 he was made Director of that institute. During the last twenty 
years of his life, he was a member of the Commission for the pubhca- 
tion of the special geological map. Daubree died in Paris on the 29th 
hi ay 1896. He was throughout his long and active career greatly revered 
and loved for his amiable disposition and noble, conscientious character. 
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work accomplished now and in former epochs by the physical 
and chemical agencies of subterranean water. 

Chemical Action of Water, — The importance of water as a 
chemical agent was early recognised, and its'' corrosive effects 
on rocks were frequently discussed in the older literature 
K. O. Bischof^ created a new scientific basis for this field of 
geology. With admirable mastery of the subject, Bischof set 
forth in his Text-book of Chemical and Physical Geolo^ey 
(1846-47) all the chemical processes which take place when 
meteoric water and different kinds of aqueous solutions come 
in contact with rocks. He also enumerated and described the 
minerals and rocks according to their chemical composition, 
structure, texture, and characteristic modes of decomposition. 
The new branch of geology thus outlined by Bischof attracted 
great interest, and soon a large number of special memoirs 
made their appearance. One of the best known works on 
mineral decomposition was published in 1886 by Sterry 
Hunt ; it treats for the most part the appearances of decay in 
crystalline rocks. 

Evidences of meteoric weathering of the rocks are shown in 
the changes of colour produced by oxidation, and in the 
removal of the more soluble mineral constituents of rocks. 
The superficial inequalities and degradation produced by sub- 
aerial agents are enhanced by the percolation of water through 
the body of the rock. Continued disintegration of the rocks 
gives origin to soils and coarser debris, and the effect of dis- 
integration may often extend to a considerable depth below 
the surface, gradually rotting and loosening a<whoie mass of 
rock. The weathering caused by chemical changes alone 
cannot, however, be regarded as a leading factor in producing 
land-forms. Only the mine>r features of surface conformation 
are due to the decay of rock in siin. The chemical and 
mechanical forces of water must combine to produce the 
major effects in surface conformation. The rapid removal of 
decaying mineral matter by streams and rivers exposes fresh 
rock surfaces to the disintegrating chemical action of the 

- Karl Gustav Bischof, born 1792 in Nilrnberg, studied in Erlangen, and 
was afterwards a university tutor there. In 1819 he was made extra- 
Orainary Professor of Chemistry in Bonn ; in 1S22 he received the full 
professorship, and contributed in a high degree to the fame of that 
university; died 30th November 1870 at Bonn. 
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atmosphere. The fresh surfaces turn decompose, and the 
cycle of chemical transformation and denudation goes on until 
a land area acquires the particular aspect of erosion which the 
eye has learned to associate with certain characters of rock, 
and conditions of altitude, of meteorology, and of drainage. 
The final phases of the work of denudation would be to reduce 
a land surface to sea-level unless other circumstances t:on- 
spired to prevent complete degradation of the land. 

Highly characteristic forms of weathering may be produced 
in cases where certain portions of a sheet of rock are more 
soluble than others, and become a more easy prey to the pro- 
cesses of disintegration. Heim has described the scenic effects 
due to the weathering of the different kinds of rock-material 
exposed in many of the mountain plateaux of the Alps. 
Irregular, boldly-hewn outlines and sharp aiguilles are char- 
acteristic forms in the crystalline masses composed of coarse- 
grained granitoid rocks at the higher altitudes of the Alps; the 
finely-serraied ridges with steep slopes and grassy hollows are 
characteristic of the softer shales and clays, while the lime- 
stone and dolomite mountains present alternating terraces and 
prominent escarpments capped by picturesque summit forms; 
in some cases, wide summit-plateaux have been rendered almost 
impassable by the innumerable petty pinnacles and ravines 
into which the rock has been weathered. Such summit- 
plateaux are known as Karienfelder.^’ 

The precise origin of the Karrenfelder^’ has long been 
a matter of discussion. Among the earlier Alpine authors, 
Scheuchzer and De Saussure attributed these limestone wastes 
to the erosive fiction of occasional floods. Hirzel, who in 
1829 introduced the term of ‘‘Karren,’’ attributed them to 
combined mechanical and chemical weathering acting upon 
perpendicular limestone strata at a certain height above sea- 
level. Among recent authors, Von Richthofen, Heim, Mojsi- 
sovics, and many others explained the jagged and channeled 
character of these high plateaux as in the main a chemical 
effect, due to the action of rain-water containing carbonic 
acid gas in solution, upon the lime carbonate of the rock. 
Favre, on the other hand, associated the particular effect with 
the mechanical operations of glacial water. 

Mojsisovics has described characteristic “ Karrenfelder ”*in 
Carniola like those in other limestone groups of the Alps, and 
has also observed funnel-shaped depressions on the surface of 
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the limestone rocks of thaj locality, which he attributes to the 
chemical effects of rain-water acting upon the surface. 

These Carniola cavities must not be confused with the 

dolinas or “ swallow-holes,” which are of common occur- 
rence in many limestone areas. The lattelr are explained as 
insinkings of the surface which have taken place after the sub- 
jacd^nt mass of limestone has been undermined by subterranean 
caverns. Recent geological writings h^ve shown that dolinas 
pre-eminently occur along n-atural joints and fault-planes, into 
which surface-water readily passes. 

While dolinas, Carniola cavities, and “ Karrenfelder ” are 
forms of erosion limited to limestone mountains or table-lands 
whose rock is firm and compact, the so-called geological 
“ organs ” or earth-pipes (sand-pipes, sink-holes) occur chiefly 
in plains whose rock-material consists of soft, fissured lime- 
stone, calcareous conglomerate or gypsum. They are cylin- 
drical or funnel-shaped cavities, generally upright in position, 
and filled partially or wholly by loam, mud, or sand. 

Sand-pipes were first described by Brongniart and Cuvier 
(i8ii) from the neighbourhood of Paris, and were called, 
“Pi^iits Naturels.” In 1813, Mathieu described similar pipes, 
narrowing towards the base, at Petersberg, near Maestricht, 
and he called them “Orgues g^ologiques,” .the name which 
is still commonly used. Other writers of that time, Gillet- 
Laumont and Bory, explained them as due to the solvent and 
mechanical action of water, infiltrating from the surface, but 
this idea was contested by later writers, and various erroneous 
explanations were offered. Lyell and Prestwich examined the 
earth-pipes and sack-shaped depressions in fhe chalk of the 
south of England; and they proved beyond doubt that these 
hollows had been eroded by the chemical action of surface 
water rich in carbonic acid, which had primarily found its 
way along any surface crack, or the fine tubular perforations 
formed by the root-growths of the surface vegetation. The 
infilling of sand and clay was derived from the surface layers 
and soil. 

In the Bavarian plain, Penck’s recent researches on the 
glacial and interglacial deposits have brought to light many 
fine examples of sand-pipes occurring in the nagelfiue or 
rough limestone conglomerate deposits laid down by .glacial 
floods. Penck thought the sand-pipes had been hollowed out 
during the period when the nagelflue presented a surface 
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exposed to subaerial weathering, and that some of the fine, 
loose clays had afterwards sunk in^o the erosive and pitted 
surface of the nagelflue rock. In many cases, however, the 
sand or clay in the pipes undoubtedly represents the insoluble 
residue left after ^he removal in solution of the calcareous 
material in the conglomerate. 

Subterranean caverns always formed a subject of general 
interest in literature, and have given rise to many traditions 
and superstitions. I'he ancients held them to be entrances 
into the lower world, and the home of nymphs and fauns. In 
later centuries literature peopled them with all kinds of ima- 
ginery beings, fairies, dragons, dwarfs, and evil spirits, and 
ascribed their origin to earthquakes, inthrows of the Earth’s 
crust, subterranean fires and floods. 

Towards the close of the seventeenth century, Leibnitz gave 
an accurate description of the Baumann cave in the Harz 
district, and Valvasor examined the caves in Carniola. During 
the following century, although the number of accurate descrip- 
tions increased, little advance was made in the explanation of 
their mode and origin. Kant’s Text-book of Physical Geography 
(1801) attributes the origin of caves partly to the erosio]% of 
the rock by water, partly to outbreaks of fire. 

A new epoch in the literature of caves began with Esper’s 
investigation (1770-90) of fossil remains of mammalian bones 
discovered in the French caves. Interest then centred in the 
palaeontological significance of the remains in cave-deposits. 
Cuvier’s Recherches sur les ossemenis fossiles contains an able 
summary of all existing knowledge on the subject of cave- 
remains during thfe first two decades of the nineteenth century. 
The two brothers Wagner, in Germany, and Buckland by 
his standard work on the Diluvial Re 7 nains of England, 
worthily followed Esper’s example fn collecting information 
and examining ossiferous caverns. The work of Schmirling, in 
Belgium, won well-merited fame on account of its splendid 
illustrations ; it was descriptive of the caverns in the province 
of Liege (1833-34). Marcel de Serres in 1838 published his 
interesting Essay on the Causes which have contributed to the 
Accumulation of Fossil Bones in Caves. 

There is now scarcely any difference of opinion regarding 
the origin of caves. A few caves occur in crystalline or clastic 
rocks ; they are the result either of tectonic disturbances, or 
they represent spaces that have formed during the cooling of 
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volcanic magmas. The great majority of caves occur in lime- 
stone, dolomite, or gypsum deposits, and owe their origin 
primarily to the solvent agency of the water circulating through 
the ground. Water as it passes down rock-fissures attacks the 
sides of the rock and widens its own chftiinel, the solvent 
action of the water being greater when it is surcharged with 
carlJonic acid. Larger water-courses find their way into the 
widened fissures and may erode complicated systems of tunnels 
and grottoes like those in X!larniola, where the subterranean 
streams act both chemically and mechanically on the neigh- 
bouring rock. The streams partially dissolve the material, 
partially carry it away in suspension, or leave a finely-ground, 
insoluble deposit on the floor of the cave known as ‘^red 
earth.” 

The caverns may be further enlarged by collapse of the roof 
from time to time. Frequently surface-material, or organic 
remains imbedded in the deposits above, are thus introduced 
into limestone caverns. A stream or river-channel eroded in a 
limestone bed may be intercepted by the occurrence of clefts 
and swallow-holes, and the superficial stream may thus be 
guided into the system of subterranean intricacies which had 
been previously excavated by the chemical action of under- 
ground water. 

Many caverns were undoubtedly used by the mammals of 
the diluvial period as shelter-places, just as they were after- 
wards used by primaeval man. Often, however, the remains of 
mammals that are found imbedded in the soft clay, sand, or 
loam have been subsequently swept into the caves from the 
surface in consequence of roof collapse. Durkig the latter half 
of the nineteenth century it has been a matter of controversy 
among the authorities on cave remains whether man was or 
was not a contemporary t)f the cave-bear, the mammoth, the 
woolly-haired rhinoceros, and other extinct mammals in Europe. 
The newest contributions to the literature of ossiferous caves 
deal more with their topography, physiography, and acces- 
sibility. The year 1894 was marked by the publication of two 
pioneer works in this particular aspect of the study of caves, 
the one by trie Austrian writer, Franz Kraus, the other by the 
French writer, E. A. Martel. 

•The purely mechanical activity of running water is expressed 
in the removal and transportation of loosened fragments of 
rock (ablation), in the grinding action of the transported 
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material as it rubs against the floor and sides of stream and 
river-channels (erosion), and in the*accumulation of the trans- 
ported mateiial as sediments (deposition). The strength of 
the processes of transportation and erosion depends on the 
volume and velocity, or the impulse, of the running water. 
The transportation power of streams and livers is under 
ordinary circumstances confined within their channels,* but 
although of limited extent it is a phenomenon apparent to 
every observer becai!se of the energy of motion displayed 
The washing away of rock-material by rain is much less 
apparent, but it is extended over far vaster tracts of country, 

A great incentive was given to the scientific study of surface- 
forms and their causes by the brilliant work of the American 
investigators, Hayden, Powell, Gilbert, Dutton, and others. 
While they described the wonderful river erosion that had 
taken place in the table-lands of the western states, European 
travellers were making known the characteristic forms of 
erosion in the high and barren territories of inland Africa and 
Asia. There the irregularities of the surface are chiefly due to 
the periodic occurrence of torrential rains and the consequent 
sudden increase or rapid rise of mountain-streams, which rush 
as destructive floods over the table-lands, and retreat and 
diminish no less rapidly than they arose. 

Earth-pillars or pyramids occur in majestic forms in some 
places, and offer more familiar examples of the surface-waste 
accomplished chiefly by rain. In miniature, the formation of 
an earth-pillar may be observed in any thick foliage wood after 
a heavy shower of rain. The drops as they fall from the 
leaves upon th^ soil sometimes alight upon small pebbles, 
sometimes upon soft humus. The latter is readily washed 
away, the pebbles remain and serve as protecting caps to the 
soil immediately below, so that eagh pebble and the under- 
lying soil gradually stands out as an individual column. Rain- 
eroded pillars occurring on a grand scale in the Hautes Alpes 
were described in 1841 by Sureil ; Sir Charles Lyell described 
pillars in the morainic conglomerate in the Tyrol, where the 
larger boulders had served as capping-stones. Hayden made 
known magnificent examples in the conglomerate rock of 
Colorado. Sir Archibald Geikie described their occurrence at 
Fochabers, in the north-east of Scotland, in Old Red con- 
glomerates. 

Although many writers of the eighteenth century had devoted 
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attention to the erosion effected by running water, their re- 
searches lacked a scientific *basis. Guettard had already laid 
hold of the main principles of ablation and erosion when he, in 
17 74 sei- forth the “degradation” of mountains and the whole 
earth surface. Targioni also explained surface conformation 
upon true principles ; while Eber was such an ardent believer 
in Gifettaid’s views that he drew accurate panoramas of the 
Swiss Alps in order that posterity might be enabled to recognise 
subsequent changes in surfa(;p conformation. On the other 
hand De Maillet and Bufifon attributed the _ excavation of 
valleys to the action of submarine currents during the retreat 
of the ocean and the emergence of islands_ and continents. 
These views were afterwards upheld by Cuvier, De Saussure, 
and Werner, and recur in some measure in the early editions 

of LyelUs Principles. . n r « 

Pallas thought the destruction of mountains and the fo™^" 
tion of valleys was associated with intermittent local floods, 
and this explanation found favour with Buckland, Sedgwick 
(1825), Daubeny (1831), Elie de Beamnont (1829), and many 
others. This theory gave support to the ‘ diluvialists, who 
tausht that the Mosaic flood was the final and grandest event 
in Series of inundations, and that which had mainly shaped 
the present surface conformation of the globe. It is intereshng 
to rUember that Buckland introduced the term denudation 
to express the scouring and hollowing of the continents which 
he attributed to the action of a universal flood. „ , j 

But the more natural principles inculcated by Guettard and 
Tareioni steadily made their way as the number of geological 
observations increased. Hutton and Playfair^^y their admm 
able treatment of the subject, opened up this field of research 
Upon scientific lines. In France and England, during the 
early decades of the nineteenth century, Montlosier and 
Poulett-Scrope explained the origin of many valleys solely as 
a result of the erosive activity of streams, and this was the 
view supported by Von Hoff and Kiihn in Germany. In 1829 
Murchison and Lyell together wrote an essay ' On the_ Excava- 
tion of Valleys,” in which they showed their appreciation of 
the potency of river erosion. This explanation then came to 
be currently accepted ; at the same time it is freely admitted 
thS,t many valleys owe their primary origin to tectonic causes. 

Lyell was the first to investigate the work done by erosion 
within a definite period of time, Upon the basis of the 
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advance of erosion he made a calculation of the age of the 
Niagara Falls; his result was afterwards modified by Wood- 
ward and Gilbert In the second half of this century, the 
rate of river erosion has been examined in minute detail 
Physicists, geographers, ^nd engineers have combined their 
efforts to obtain an accurate determination of the ra^e of 
movement in the different parts of a river-course, and the 
corresponding , capacity of the stream to transport solid 
material. Geologists especially iftvestigated the abrasive work 
effected by the transported pebbles and sand in deepening 
and widening a river-channel In American literature, the 
writings that had the most marked influence upon con- 
temporary science were Dana’s publications in the Reports of 
Wilkef Exploring Expedition and his Manual of Geology 
(1S63), ahd Newberry’s “Description of the Grand Canon” 
in his Report upon Colorado (1861). 

Oldham elucidated in 1859 the erosion of the valleys in 
the Khasi Hills of India, Rubidge investigated the work of 
water in eroding the South African valleys, and in 1870, 
Blanford gave an account of the Abyssinian valleys. Green- 
wood, Jukes, Whitaker, and Topley dealt exhaustively Vith 
the erosion of English river-valleys. In 1869, Riitimeyer 
published at Bile his famous work on Valley and Lafe 
Formation, which has exerted a permanent influence upo%^ ^ 
geological thought. Riitimeyer endeavoured to prove thaf the ' 
majority of the mountain-valleys in Switzerland, including thi^ 
larged river-valleys, had originated only in virtue bf stream 
erosion,^ ^ but th^t long geological periods had been occupied 
in the excavation of the channels. The commencemei:jl^ of 
the valley erosion had been coeval with the uprise of the Alps, 
but erosion had not always progressjpd with the same intensity. 
Erosion had worked from the foot of the mountains backward 
and upward to higher levels, consequently the different por- 
tions of a river-course might present distinct types of erbsiqn 
(waterfalls, lakes, rivers, etc.). A sketch-map illustradiig the 
history of the lakes and rivers of Switzerland accbmpahied 
Rutimeyer’s woik, and was of special value as the :^jrst bold 
attempt to classify the Swiss valleys according to their ^ological 
age. ^ 

The American' geologist Gilbert, in 1877, in his Geology of 
the Henry Moiiniaim^ established the fundamental laws of river 
action in the erosion bl^^leys. The researches of Powell and 



210 HISTORY OF GEOLOGY AND PALiEONTOLOGY. 

Dutton in Colorado, and of Davis in Pennsylvania, corroborated 
Gilbert’s results. These American geologists demonstrated con- 
clusively the backward progress of erosion during the excavation 
of a valley, and the definite relation that exists between the 
gradient of a river-bed and the excavating force of the river. 
Henpe the base-level of valley erosion could be ascertained with 
great accuracy. 

Following Rlitimeyer’s method, W. Morris Davis depicted 
the different stages in the development of a valley. In its 
juvenile stage the rushing stream furrows narrow channels 
with deep banks; in its mature stages the angle of declivity 
is less, the valleys become broad and the banks gently sloped ; 
in the older stage the valley-bed is worn away to the base- 
level of denudation. Should any crust-movement locally 
lower the base-level, then the cycle of valley-formatibn begins 
anew. Davis then tried to determine the geological age of 
various eroded plains and their drainage systems. 

The publications in Europe during the last two decades 
of the nineteenth century are in the main based upon 
the principles enunciated by Riitimeyer and the American 
writers 

A difficult problem is presented by the transverse valleys 
that cut across mountains, plateaux, and sometimes across 
several parallel chains. The theory of origin by tectonic faults 
seemed especially applicable in their case, and many of the 
best authorities at the present day support this explanation. 
But Medlicott, in 1865, in the Memoirs of ihe Indian Geological 
Survey^ pointed out that not only was the central chain of the 
Himalayas clearly older than the lateral Pliocene chains, since 
the materials of the central chain had contributed to the rocks 
of the lateral chains, but the Himalayan river-courses had also 
been defined previous to the uplift of the Pliocene chains, and 
had' -successfully continued to erode their valleys along the old 
lines while these chains were being slowly uplifted. 

J. W. Powell expresses the same idea in more precise terms 
in his explanation of the course of the Green River across the 
Uinta Range, and of the Colorado River in its deep cutting 
through the Arizona plateaux. In both cases the river passes 
from younger strata into older; and Powell’s explanation of 
the apparent enigma is that after the river had eroded its 
channel rocks were uplifted at one portion of its course, but 
so slow was the rate of uplift that the river was enabled to 
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deepen its channel either proportionately or more rapidly, so 
that it was never diverted from its former course. 

Independently of Medlicott and Powell, Tietze arrived at 
a similar explans^tion of the origin of transverse valleys in the 
Elburz mountains in Persia, and of the Iron Gates of the Danube 
acioss the Transylvanian mountains. Tietze refers the begin- 
ning of such transverse valleys to a period when the chains 
across which they ]^ass had nq existence as such, but still 
formed part of a continental plain. The Swiss geologists, 
Heim and Bruckner, support this theory, but it has been op- 
posed by Lowl, who accepts Rlitimeyeds explanation that the 
backward erosion of valleys may finally cut through watersheds 
and even entirely through mountain-chains. 

Within the last few decades geographers have made great 
advances in the detailed knowledge regarding the erosion of 
river-channels, the diversion of river-courses, the serpentine 
windings, the recession of watersheds, and the causes of 
special forms of erosion such as river- terraces and pot-holes. 
These are fully treated in Penck’s Morphologic (vol. i., pp. 
259 - 385 )- , 

The first exact reports on the quality and kinds of material 
transported by rivers were those made by Mr. Everest (1832), 
who determined that the average annual amount of detritus 
covered by the River Ganges amounts to -g-L-jj by weight. 
Under the auspices of the United States Government, a very 
important series of investigations were carried out on the 
Mississippi river. The accurate results obtained there by the 
engineers itunuphreys and Abbot showed that the proportion 
of material held in suspension by the river was tAtt by weight, 
and that the total weight of earthy matter annually transported 
to the Gulf of Mexico by the Mi^issippi river amounted to 
812,500,000,000 pounds. (Report tipon the Physics and 
Hydraulics of the Mississippi^ 1861.) 

Nearly all the great rivers have now undergone examination 
in this respect, and the results obtained have given geologists 
a much clearer conception of the actual rate of progress of 
subaerial waste. In an able essay, entitled On Modern 
Denudation^ published in 1868, Sir Archibald Geikie made 
careful calculations of the amount of material annually 
transported by rivers, and showed how an irregular surface 
can be entirely levelled to a plain by the subaerial agencies of 
denudation. 
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A laige number of intere^ing observations have also been 
made by geologists on the wear and tear that takes place on 
broken rock-material in the course of its transport by a river. 
Professor Daubree demonstrated experimentqjly the effects of 
mutual abrasion. By subjecting fragments of granite and 
other 'rocks to artificial means of trituration and friction, he 
produced the rounded water-worn forms of pebbles and the fine 
sand and mud characteristic of river detritus. He also 
showed that the chemical action of the water appreciably 
contributed to the dissolution of the fragments. The de- 
position of the transported material over alluvial tracts at the 
entry of rivers into fresh-water lakes and the ocean, was fully 
and ably treated in the writings of De la Beche, Lyell, and 
Elie de Beaumont. And since the publication of the earlier 
works, the literature has been enriched by the*^ special 
contributions of Delesse, as well as by the excellent exposition 
of the subject contained in the text-books of Geikie, De 
Lapparent, Von Richthofen, and others. 

The speculative aspect of the invasions of the land by the 
sea ij^ad been frequently dealt with in the writings of the 
Greek and Roman philosophers. Careful historical records 
had also been kept of the more striking changes in the 
Mediterranean coast-lines. Von Hoff, in his account of the 
inroads made by the sea, embodied all the previously known 
data, both historical and scientific, regarding the mechanical 
action of breakers, tides, and currents in the erosion of a 
coast-line. New observations were added by De la Beche and 
Charles Lyell ; and Oscar Peschel in his Physical Geography 
(1879) discussed the particular form of coastal outlines in 
their relation to the destructive action of breakers. 

While PeschePs views #f the action were based upon a 
supposed stationary condition of the coasts, Baron Richthofen 
brought new life to bear on the subject when he pointed out 
that the denudation of a coast may be going on contem- 
poraneously with a movement of elevation or subsidence of 
the land \Chma, vol. ii., 1882). In the former case, the 
breakers of the retreating ocean can only erode a denudation 
slope parallel with the original outline of the beach, and the 
depredations of atmospheric weathering tend to rapidly 
produce an irregular appearance of the surface. As the 
movement ceases, a marine terrace is formed, or if several 
pauses occur at periodical intervals, a series of terraces is 
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formed. In the case of a sitisidins; coast, the effect of 
wave-action would be to destroy resisting cliffs and obstacles 
as the sea advanced inland, and thus to give oiigin to a 
submarine plain. Sir Andrew Ramsay and Mr. Davison had 
described in geiferal terms the “abrasive” work of the breakers, 
and shown how as the level of land became degraded by 
subaerial forces of denudation, the margin next the sea 
arrived at its base-ievel of erosion, and sank as a denuded 
plain below the advancing sea.* Such a plain was called by 
Ramsay a plain of siihmarme dmitdafion. Von Richthofen 
adopted the term “abrasion,” and used the expression a “plain 
of abrasion” to signify more particularly a submarine platform 
whose surface had been abraded during subsidence of the 
land by the destructive action of marine breakers and currents. 
Sir ArcMbald Geikie, on the other hand, thinks that submarine 
platforms have owed their degradation of level essentially to 
subaerial agents of erosion, and that they represent land 
surfaces which had arrived at the base level of erosion before 
they were submerged, the action of the waves merely 
completing the process of levelling. De Lapparent, Penck, 
and many other geologists similarly explain the origin of 
plains of denudation by subaerial erosion. 

Recent maps of Oceanography show at a glance that sub- 
marine platforms sometimes extend for many square miles as 
a marginal belt around continents or islands, and geographers 
find it very difficult to determine the precise conditions to 
which these “ peneplains ” owe their existence in the various 
regions. Sevepl German and Austrian geographers, following 
Richthofen's methods, have conducted special Investigations 
on this subject during recent years (Fischer in 1885 and 
1887, Kriimmel 1889, Philippson ^89 2, Penck 1894). 

The old idea, favoured by De Maillet, Buffon, Cuvier, and 
others, that marine currents played an important part in the 
configuration of the globe, has been proved fallacious. Marine 
currents lose their strength as they come into the shallow areas 
near the coast; they increase in strength where they pass 
through narrow channels, especially where, as in the Straits of 
Gibraltar and the Bosphorus, they sweep between two seas. 
The origin of the deeper furrows and basins in the floor ofJ;he 
ocean can in very few cases be explained by submarine erosion. 
As a rule, they represent either continental valleys that have 
been submerged or troughs formed by crust-movements. 
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Under Buckland’s term denudation/^ geology at the 
present day signifies that process which, if continued far enough, 
would reduce all surface irregularities of the globe to a uniform 
base-level, but the general term makes no premisses about the 
particular agencies affecting the removal of ^surface material. 
The chief qualifying terms in common use at the present time 
are “ subaerial,’^ ‘‘ marine,” and submarine.” Sudaerial denu- 
dation practically comprises all the natural operations by which 
land-areas can be lowered ; it includes the action of wind, of 
running water, and of ice. Marine denudation, so far as it 
affects land-areas, is limited to a narrow marginal belt. Sub- 
marine de^iudaiion is used to signify the wearing or scouring 
action of the water, or any chemical processes affecting the 
floor of the ocean. 

Hand in hand with the advance of scientific thought regard- 
ing the causes and effects of recent denudation, there developed 
among geologists a clearer apprehension of the evidences of 
denudation in the past. In the beginning of the nineteenth 
century, Berzelius and Hisinger had suggested that the sedi- 
mentary series (Silurian) present in West Gothland might be 
only n'emnants of a much wider sheet of deposit which had 
been for the most part washed away. An important step in 
advance was made by Sir Andrew Ramsay in his work On iJm 
Denudation of South Wales (1846). Ramsay showed that the 
Palaeozoic sedimentary strata of Cornwall and South Wales 
were composed of fragments derived from older rock-material, 
that therefore this district had suffered immense loss by denuda- 
tion in very early geological epochs. 

Emmrich in 1873 had drawn attention to fhe evidences of 
transportation of Triassic rocks in Southern Thuringia, and in 
1880 Bucking made an approximate estimate of the amount of 
denudation, calculated from the thickness and extent of the 
derived deposits. The researches of Pomel and Zittel in the 
Libyan Desert and the Algerian Sahara, with their numerous 
isolated hills, proved that this area had been denuded on a 
scale of remarkable magnitude, probably by subaerial agencies 
during the Pliocene and Diluvial periods. Dutton’s famous 
work on the Grand Canon showed that the extensive denuda- 
tion of the Colorado lands had been likewise accomplished 
within comparatively recent geological epochs. 

Neumayr, who made in 1885 a special investigation of the 
original distribution and extent of the Jurassic formation, 
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found many evidences leading tQ the conclusion that there 
had been enormous denudation of Jurassic deposits in certain 
areas. These few examples suffice to show how cautiously 
one must use the present disposition of geological forma- 
tions as a basi^ for the reconstruction of maps portraying 
the distribution of continent and ocean in past geological 
epochs. It is almost impossible in the case of the oldet sedi- 
mentary deposits to ^iscertain the amount of denudation they 
have incurred in past ages. • 

Mechmiical Sediments in the Ocea?i . — In the eighteenth 
century, De Maillet had investigated the deposition of sediment 
on the floor of the ocean. Early in the following century, the 
writings of De la Beche, Lyell, and Elie de Beaumont provided 
able chapters on sedimentation, and explained the deposition 
of detritus over alluvial tracts, and on the floor of fresh-water 
lakes, inland seas, or the ocean. The observations of these 
authors were made chiefly on the English, French, and Medi- 
terranean coasts. 

A classical work on the subject. The Lithology of the 
Sea-Fioor, was published in 1871 by the engineer and geologist, 
M. Delesse. Beginning with a full exposition of the origin 
and constitution of the material transported from Continent to 
Ocean, Delesse next describes the sediments throughout the 
whole sea margin of France, and then depicts those in the 
other seas of Europe and along the coasts of North and Central 
America. Three coloured maps show the distribution and the 
petrographical character of the marine sediments in these 
areas, and illustrate for the first time the great variety in the, 
nature of the deposit on one and the same coast. Delesse, 
applying his knowledge of the modern formations of sediments, 
was enabled to reproduce in cartSgraphical form the probable 
distribution of land and sea in France during the Silurian, 
Triassic, Liassic, Eocene, and Pliocene periods. Rough 
sketches of a similar kind had been previously prepared by 
Elie de Beaumont, by Lyell and Dana. Those of Delesse 
have been a model for all subsequent efforts in this direction, 
and have never been surpassed. The Atlas by Canu, pub- 
lished in 1895, provides more geological detail, but the maps 
are less clear. 

While the work of Delesse comprises all the important facts 
known up to the year 1871 about the constitution of littoral 
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sediments, it does not enter linto the consideration of deep-sea 
deposits. The samples brought by Captain Brooke, in 1857, 
from the Kamtschatka Sea, at depths between 900 and 2,700 
fathoms, were examined by Bailey, who demonstrated the 
existence of abyssal pelagic sediments composed of the 
shells and skeletons of Foraminifera, Radiolarians, and Di- 
atoms, Similar deposits at smaller depths had already been 
proved by the researches of Ehrenberg, -Joseph Hooker, and 
Pourtal^s. In 1857, soundings were commenced in the 
Atlantic Ocean, when it was desired to establish cable com- 
munication between the Old and the New Worlds. Samples 
of the deposits of the ocean -floor were given to Huxley by 
Captain Dayman, and the examination of these resulted in an 
accurate description of Globigerina Ooze. Between i860 and 
1870 many soundings and dredgings were taken in the'* Atlantic 
Ocean, and the reports of Wyville Thomson, Carpenter, and 
Pourtales added valuable scientific information about the 
pelagic faunas and sediments. 

Oceanography was signally advanced by the results of the 
Challe^tger Expedition. The English ship Challenger sailed 
for fcflir years (1872 76) on a voyage of exploration of the 
great ocean basins. The material brought home was investi- 
gated and reported upon by the most eminent scientific 
specialists of the day. The final report by Murray and Renard 
(London, 1891) contains an exhaustive exposition of the 
whole field of modern knowledge regarding pelagic deposits. 
A comparison of this masterly work with that of Delesse, 
shows what a grand accumulation of new fj^cts had been 
'obtained during the twenty years that had elapsed, and 
more especially how deep a debt of gratitude science owes 
to the promoters and enthusiastic workers of the Challenger 
Expedition. 

In the Challenger Report all deep-sea deposits are classed 
as “terrigenous” or “pelagic” in origin p. 183). The 
former are distributed for the most part along the coast-line, 
upon a shallow submarine platform adjacent to the shore, and 
a gentle slope descending to lower depths. The pelagic 
deposits owe their origin partly to the organic world, partly 
to .submaiine volcanoes, and cover the floor of the open 
ocean. All the different kinds of sediment are desciibed in 
the Challenger Report macroscopically, microscopically, and 
chemically; their exact occurrence is entered upon maps of 
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the soundings, and a general maptis drawn representing their 
geographical distribution. 

The deposits due to the mechanical action of water are 
almost entirely of terrigenous origin. River detritus and the 
sand and mud produced by wave action are floated seaward 
and spread on the floor by the action of marine currents. 
The blue colouring matter in terrigenous deposits is sometimes 
an organic substance, sometimes iron sulphide; the green 
colour is due to glauconite, the i^d colour to yellow iron ore. 
On the coasts where volcanic rocks predominate, marine mud 
consists of finely triturated volcanic material. The pelagic 
“Red Clay” so widely distributed in the Pacific and Indian 
Oceans as a rule occupies the deeper stretches of the ocean- 
floor. According to the investigations of Murray and Renard, 
deep-sea Red Clay” is essentially composed of strongly de- 
composed volcanic material, originating partly from subaeiial, 
partly from submarine eruptions, and also contains “numerous 
remains of whales, sharks, and other fishes, together with 
zeolitic crystals, manganese nodules, and minute magnetic 
spherules, which are believed to have a cosmic origin” (see 
Murray, “Oceanography,” Geogi'aphical Journal^ 1S99). •The 
Red Clay deposits pass, in most places, quite gradually into 
the calcareous oozes. 

A special interest attaches to the chemical changes that take 
place in the waters of the ocean or the ocean-floor by the 
action of the sea- water upon the various kinds of sediment. 
The zeolitic, manganitic, and phosphatic contents of the Red 
Clay betray w]jat an important part has been played by 
chemical interchange in determining the actual constitution of 
this extensive deposit The more accurate knowledge of the 
ocean-floor has thrown a flood of ngw light upon all researches 
regarding the deposits of past geological epochs, their correla- 
tions, their origin, their constitution, their subsequent trans- 
formations, chemical and dynamical. It is not too much to 
say that the Challenger Expedition marks the grandest scientific 
event of the nineteenth century. 

Chemical Deposits in Wafer, — Chemical, technical, medical, 
and geological works* have published innumerable anal}tges 
of the chemical deposits separated in springs, underground 
water, rivers, and lakes. Gustav Bischof summarised the 
most important results of this extensive literature in his 
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Chemical Geology ^ and the Jater work of J. Roth (1879) con- 
tains an even fuller account of this subject The deposits 
formed in a purely chemical way, without any assistance from 
organisms, have been so systematically and ably elucidated by 
Bischof and Roth, that there is now scarce!/' any difference of 
opinion among geologists regarding the origin of calcareous 
tufa, travertine, ochre, hydrous ferric oxide or ‘‘ moorband pan,” 
siliceous sinter, fresh-water limestone an4 dolomite, and other 
kinds of spring and fresh-water deposit Mellard Reade has 
more recently calculated the amount of material held in 
chemical solution in rivers and transported by them to the sea. 
If his figures are confirmed by further analyses, they will 
form the basis of far-reaching conclusions. 

The earliest analyses of sea-water made in the nineteenth 
century were those of Vogel, Marcet, Wollaston, and Bibra. 
In the year 1845, the famous Copenhagen chemist, Forch- 
hammer, began a series of researches on the composition of 
sea-water, and twenty years later his admirable treatise on 
the subject was published. Bischof and Roth also investi- 
gated the composition of sea-water. 

Itcnay be said in general that no chemical deposits form on 
the floor of the open sea, as the immense volume of sea-water 
holds the substances in solution. Only very small quantities 
of lime carbonate and magnesium carbonate or dolomite seem 
to be deposited under certain conditions. 

In inland salt seas, gypsum and rock-salt separate out in 
large quantities and form thick floor deposits — for example, in 
the Great Salt Lake of Utah, the salt seas of Central Asia and 
Southern Russia, in the Shotts of the Sahara, and in many 
bitter lakes. The process of the spontaneous evaporation of 
sea-water was studied by^Usiglio (1849) Mediterranean 
water, and by his laboratory experiments he determined the 
order in which the various salts are deposited during progres- 
sive concentration of the brine liquor. Usiglio’s results were 
then applied in the production of salt from sea-water for 
commercial purposes. 

An attractive account of the saline basins in the North 
Caspian Steppes was contributed to Erman's Journal by Baer 
111^854. The salt deposits were carefully described, and the 
author concluded from the distribution of the basins that the 
Caspian Sea was formerly of far wider extent. Baer demon- 
strated that the waters of the Caspian Sea are still diminishing 
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in volume, and the salt deposits steadily accumulating in its 
shallow offshoot called the Karaboghaz. 

Gilbert arrived at a similar conclusion with regard to the 
Great Salt Lake of Utah. The surface of this lake is now at a 
height of 4,250 fast above sea-level, but old lacustrine terraces 
are present at higher levels round its margins, the highest being 
940 feet above the present surface-level. Gilbert explain^ the 
shrinkage in the size; of the lake as a result of local meteoro- 
logical changes. Owing to the diminution in the rainfall and 
in the volume of inflowing rivers, the surface of the lake sank 
below its former outlet, and the lake-water became more and 
more saline until it arrived at its present degree of concentration. 

The most complete accounts of the Dead Sea and its salt 
formations are those given by O. Fraas and L. Lartet The 
depositioM of salt and gypsum takes place every summer, when 
evaporation is rapid, and a layer of mud is deposited during 
the intervening period of diminished evaporation. 

Geologists early recognised the agreement of the chief 
products of super-saturation of existing sea-water and salt lakes 
with the layers of rock-salt in ancient geological formations of 
the crust. Fichtel p. 88) had expressed the vievi that 

the Transylvanian salt-deposits represented evaporation pro- 
ducts formed from sea-water, which had found ingress into 
underground cavities after the consolidation of the crust. The 
upright position of salt- veins at Bex, in the Rhone Valley, led 
the younger Charpentier to the conclusion that the salt must 
have originated from sublimation in crust-fractures. 

Several geologists about the middle of the nineteenth century 
suggested the probability of a plutonic origin of salt-layers after 
the manner of the massive crystalline rocks. This view was 
warmly repudiated by G. Bischof, who rightly argued from his 
knowledge of the recent deposits *in the Dead Sea and the 
North Caspian depressions, that the salt-deposits within the 
earth’s crust had taken origin in the same way from ancient 
basins of water as they became desiccated. The salt-layers of 
Stassfurt and Kalusz remained for a long time an unsolved 
problem, since no direct comparison could be found between 
them and any natural deposit in present course of formation. 
At Stassfurt, thin beds of highly deliquescent salts succeed the 
main salt-layer; first, a thin band of anhydrite, then a bed of 
deliquescent chlorides, including some sodium chloride, then a 
bed of potassium and magnesium sulphate, and lastly an upper 
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layer of double chlorides of^otassium and magnesium. These 
salts, in spite of their high deliquescence, have been preserved 
from denudation in an exceptional degree owing to the presence 
of a thick protective surface- mantle of clay. 

The subject was treated by E. Reichhardt (1866), and still 
more successfully by F. Bischof (1875), upon the recognised 
principles of desiccation. 

Ochseniiis in 1875 set forth the nature of the conditions 
under which the Stassfurt succession might have been formed 
in nature. He supposes a bay or a sea-basin connected with 
the main ocean only by a narrow channel, which was periodi- 
cally closed by crust- movements, or by the accumulation of 
sandbanks or submarine bars which could be surmounted only 
at the highest tides. During the period of closure, wherever 
the evaporation exceeded the inflow of fresh water, a concen- 
tration of the salt water would take place, and gypsum, an- 
hydrite, and salt would be thrown down. If a permanent 
isolation were finally effected, and desiccation brought about in 
this natural salt-pan, it followed that the salt of the mother- 
liquor must separate out completely in accordance with the 
orde# of their solubility. 

C. Geological Effects of Ice . — The importance of ice as a geo- 
logical agent was much later in being recognised than that of 
water, and this is readily explicable from the more limited 
occurrence of ice and the less striking character of its action. 
Moreover, the regions where ice displays its grandest effects 
were still avoided in the eighteenth century,^ and were only 
tamihar to a few bold explorers. The river and lake ice of the 
continents, and the ocean ice of the Polar districts have little 
interest for geologists, since they cannot help much in eluci- 
dating the work of ice in the past epochs of the earth’s history. 
Greater interest attaches to the glaciers of the mountain- 

systems and the inland ice-sheets of the Polar continental 
areas. 

Glaciers are mentioned for the first time in literature as 
a subject of scientific investigation in Scheuchzer’s Reisebe- 
schreibwig _der Schweizer A/pen. The indefatigable and 
learned scientist records the few observations of Simler and 
fiottinger on the origin and movement of glaciers, and after 
a careml description of several glaciers visited by himself 
he explains the movement as a result of the infiltration and 
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freezing of water in cracks and o^her spaces. Scheuchzer is 
thus the founder of the Theory of Dilatation, afterwards advo- 
cated by Charpentier and Agassiz. The pastor Aitniann in 
1750, and Gruner in 1760, wrote about glaciers without bring- 
ing forward anyfhing essentially new. They referred the 
movement of Alpine glaciers to the sliding of the ice on a 
sloping base. Neither Scheuchzer nor the two last-named 
authors had given special attention to the moraines. 

A short paper, published in F787, by Kuhn in Hopfner’s 
Magazin fur Helveiiens Nahirkunde^ contained not only 
an excellent description of the Grindehvald glacier and its 
moraines, but the author also followed the old moraines, and 
concluded that the glacier had formerly been of far greater 
extent. De Saussure’s famous Book of Travels (1796-1803) 
contained^ accurate descriptions of the glaciers in \Yallis, the 
Bernese Oberland, and the Mont Blanc group. The form, 
arrangement, composition, and movement of the moraines were 
all carefully handled. Saussure also used the moraines as a 
means of determining the extent and the advance and retreat 
of the glaciers, without, however, drawing any general con- 
clusions. Strange to say, he associated neither the smoothness 
of the glacier floor nor the “ Roches moutonnees ” with the 
movement of ice-masses. 

Saussure had in F. G. Hugi a successor who accomplished 
much for the knowledge of Alpine glaciers. A fearless moun- 
taineer, Hugi explored the upper reaches of the glaciers; in 
1827 he even built a hut on the Finsteraar glacier for his 
convenience in ^carrying on researches. He observed many 
facts about the structure and constitution of the snow, firm, 
and ice at different heights, about the position of the firm line, 
about fissures and crevasses which had escaped previous 
investigators. 

In the year 1821, at the Eighth Annual Congress of the 
Swiss Society of Scientists, the engineer Venetz read a paper on 
the variations of temperature in the Swiss Alps, which con- 
tained wholly new conceptions. This important paper was not 
published until 1833. Venetz called attention to the fact that 
there were not only moraines connected with the advances and 
retreats of the Alpine glaciers, but that in addition to those, 
morainic walls occurred at a greater distance from the present 
glaciers, and they gave evidence of glaciation on a scale of 
enormous magnitude in some former period. In 1829 Venetz 
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gave confirmatory evidence in favour of the much grander 
dimensions of the Alpine glaciers in a past age. In addition 
to the morainic walls he referred to ice transport of the erratic 
boulders dispersed in such numbers in Alpine valleys and 
across the plains at the base of the Alps, and throughout 
Northern Europe. 

Under the influence of Venetz, Charpentier {a 7 ite^ p. 103), 
director of salt-works and a personal friend of Venetz, became 
deeply interested in glacial '"studies. Starting with the idea 
that his friend had formed erroneous conceptions, Charpentier 
soon became a convert, and declared himself openly in their 
favour. He gave in 1834 a memorable address at Lucerne, in 
which he showed that the large erratic blocks could not have 
been transported by water; that the frequent scratches and 
deep grooves on the rocks in Wallis are the work of glaciers; 
that the occurrence of morainic walls and erratic blocks remote 
from the present glaciers proved incontestably the former 
piesence of longer, wider ice-rivers. He thought the greater 
glaciation of the Alps in a former epoch might be explained 
by the greater height which the Alpine summits had once 
attaifted. 

Phithusiasm for the subject was now thoroughly aroused in 
Switzerland. Acting on the initiative of Charpentier, and 
under his personal guidance, Louis Agassiz, in the summer of 
1836, made his first glacial studies at Bex on the erratics in 
the Rhone Valley, and explored the glaciers of Diablerets and 
in the neighbourhood of Chamonix. His fellow-student and 
fiiend, Karl Schimper, accompanied Agassiz 04 most of these 
excursions. The genial Munich botanist had already made a 
study of the erratics on the Bavarian plain at the base of the 
Alps, and had explained tl^em as masses transported from the 
mountains by floating icebergs. 

Schimper, from numerous observations on the variation of 
past floras and faunas, formulated his conception of alternating 
epochs of desolation and re-animation. He identified the 
youngest period of desolation as that during which the erratics 
had been distributed, and regarded it as a great Ice Age. 
Schimper embodied these ideas in courses of lectures delivered 
in ^Munich to a small circle of friends. In the winter of 
1836-37, Agassiz also gave a course of lectures at Neuchitel 
on glaciers and the Ice Age, and copies of an ode written by 
Schimper on the Ice Age were distributed by the poet 



DYNAMICAL GEOLOGY. 


223 


himself to the members of Agassiz’ class. In that poem, 
which was re-published in 1841, the epoch of ice was thus 
depicted : — 

“ Ice ofJ:be Past ! of an Age when Frost 
In its stem clasp held the lands of the South, 

Dressed with its mantle of desolate white 
Jvlountains and forests, fair valleys and lakes • 

In July 1837, Agassiz^ laid report of his glacier studies 
before the Annual Congress of Swiss Scientists, in which he 
expressed his view that a strong fall of temperature had taken 

^ Louis Jean Rudolph Agassiz, the son of a Swiss Piotestant pastor, 
was born 28th May 1807 at Motiers, on the Murten Lake (Canton 
Waadt), He was educated first at the academy of Lausanne, and later 
studied Miedicine and the Natural Sciences at Zurich, Heidelberg, and 
Munich. While still a student he occupied himself with the study of 
recent and fossil fishes, and after the publication of the first part of his 
great work on Fossil Fishes he came into personal relations with Cuvier 
and Humboldt in Paris. In 1832 the already woi Id-renowned young 
naturalist was appointed Piofessor at the Academy of Neuchdtel, and 
made it an active centre of scientific investigation. In 1834 he paid a visit 
to England for the purpose of studying the British fossil fishes, and in the 
same year received from the Geological Society the Wollaston medial. In 
the summer of 1836 he began his glacial studies under Charpen tier’s 
direction, and pursued them for ten years with striking success in the Swiss 
Alps, in Great Britain, and afterwaids in North and South America. In 
1846 he crossed the Atlantic and delivered courses of lectures in various 
towns, and was appointed Professor of Zoology and Geology in the 
University of Cambridge, U.S.A., in 1847. He went as Professor of 
Comparative Anatomy to Charleston in 1851, but returned in 1853 to 
Cambridge. In 1859, he founded there, with pecuniary aid from private 
individuals and »lso from the State, the fine Museum of Comparative 
Zoology. His public lectures, also the instruction he gave at Harvard 
College, his numerous publications, exhibited such an almost unique 
activity as to procure him great popularity. His interest in his magnificent 
Museum, the opportunities to follow hi# zoological studies, and to take 
part in various marine expeditions which his residence near the sea 
procured him, and, not least, the enthusiastic reception which he had 
received in North America, and the influence he could have there on the 
whole development of scientific life, induced Agassiz to refuse many 
tempting offers to return to his native land, and also the offer of an 
appointment in Paris as a Professor in the Museum. He became a 
naturalised American, and died in Cambridge, Mass., on the 14th December 
1873. Besides his epoch-making work on fossil fishes and his glacial studies, 
Agassiz published valuable monographs on fossil and recent Echinids and 
Molluscs, and numerous zoological works. In 1868 a report on* his 
journey to Biazil appeared, and was followed in 1871 by another on a 
deep-sea investigation between Cape Horn and California. To the last 
Agassiz combated Darwin’s theory of evolution. 
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place previous to the uphea^ljal of the Alps ; enormous masses 
of ice had been formed and had extended over the surface as 
far as enatic blocks and the scratched and polished rocks 
could now be observed. 

Schimpet took umbrage that the priority *of the Ice Age 
Theory should, in his opinion, have been stolen from him by 
Agassiz, and the friendship of the two Alpinists \stas broken. 
Schimper afterwards confined himself to tlie publication of his 
Ode and of a scientific com^m unication, which he made to 
the Annual Congress when it met in Neuenburg. Agassiz, 
however, continued the researches with unabating zeal; in 
company with Desor and Studer, he visited the glaciers of 
the Bernese Oberland, the Mont Blanc group and the Monte 
Rosa group, and published the results of his investigation in 
1840, in a work written in French, and immediately translated 
into German by Carl Vogt. 

This work, which Agassiz suitably dedicated to the founders 
of modern glacial research in Switzerland, Venetz and 
Charpentier, contains the first general exposition of glacial 
phenomena in the Alps. For much of his information Agassiz 
relies* upon Saussure and Hugi, but he devotes far closer 
attention to the moraines and introduces the terminology now 
in common use (end moraines, lateral moraines, median 
moraines). 

Agassiz explains the formation of median moraines through 
the junction of two lateral moraines, but, like previous authors, 
he fails to appreciate the existence of ground-moraine, although 
he clearly explains the etching action of sand-grains on the 
rocks at the bottom of the glacier. With respect to the for- 
mation of glaciers from descending firn, Agassiz agrees with 
the conclusions previously arrived at by Scheuchzer, Saussure, 
and Hugi. He regards Scheuchzer’s infiltration and dilatation 
theory as the best explanation of glacier movement 

Agassiz recognises the great merit of Charpentier in having 
drawn attention to the scouring, furrowing, and polishing of 
rocks effected by glaciers, and strongly emphasises the work 
of denudation effected by glaciers on the rocky floor over 
which they move. He describes the hummocky bosses of 
roc]f exposed to view on the retreat of a glacier, and notes 
their characteristic striated appearance, and the parallelism of 
the strice and grooves on their surface, with the direction that 
had been followed by the glacier. 
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Agassiz can see no sufficient •evidence of any periodic 
regularity in the advance and retreat of glaciers ; the variations 
of the glaciers represent, in his opinion, the result of two 
opposing forces — the forward movement of the ice-masses 
and the solvent a^:tion of the atmosphere. The precise dimen- 
sions of a glacier are, he writes, essentially correlated, with 
climatic conditions ; a change of climate produces a corre- 
sponding increase or diminution in the size of a glacier. 
Agassiz regards the testimony hi Switzerland as absolutely 
convincing, that the Swiss Alps were formerly almost wholly 
under ice. He contributes a wealth of observations on old 
moraines, rows of blocks left in Alpine valleys, rock-scratches, 
scarred limestone wastes, pot-holes {Gieischer?nuhk), and the 
erratics {Findlinge) irregularly scattered on the plain. A very 
valuable ^account was given by Agassiz of the original home, 
the course of travel, and the ultimate position assumed by 
many of the famous ‘^erratic” blocks in Switzerland. 

Not the least interesting portion of the work is that in which 
Agassiz disposes of various erroneous explanations previously 
given for “erratics ” by geologists of authority — the suggestion 
of De Saussure and Von Buch that the erratics had t)een 
transported by river-floods, the explosion theory of Silberschlag 
and De Luc, the gliding theory of Dolomieu, and the drift 
theory of Lyell. 

After brief reference to the observations of rock-scratches 
and erratics made by Sir James Hall in Scotland, by Brong- 
niart and by Nils Sefstrom in Scandinavia, Agassiz pro- 
ceeds to enunciate his theory of the Ice Age. In conformity 
with Cuvier’s Catastrophal Theory, he supposes that at the 
close of the accumulation of the geological formations 
there took place repeated falls Qf temperature, and that 
immediately before the Alpine upheaval the earth became 
covered with a thick crust of ice. An enormous ice-sheet 
extended over the greater part of Europe and across the 
Mediterranean as far south as the Atlas mountains, over 
Northern Asia and Northern America; above the ice-sheet 
only the highest summits emerged. 

While the Alps were being upheaved, the icy crust still 
mantled the rocks, and any fragments dismembered from the 
solid rock during the movements fell upon the ice and were 
carried away upon its surface. After the completion of Alpine 
uprise the climate became milder, and as the ice melted, great 

15 
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and small crust depressions^were exposed where the rocks had 
offered least resistance to the overlying weight of ice, while 
large angular blocks were often left in undisturbed position 
upon the ground-layer of pebble and sand over which the 
ico-sheet had previously moved. ^ 

A very short time after the appearance of Agassiz’ work, 
Canon Rendu, afterwards Bishop of Annecy, wr*ete a paper 
on the physics of glacier ice. He attributed to glacier ice, 
in spite of its hard and briftle character, a certain ductility 
which enabled it to mould itself like plastic clay to its 
surroundings. In this conception Rendu was much in ad- 
vance of his time, as no observer had thought of any possible 
connection between plasticity and brittleness. 

In the same year, 1841, Charpentier published his Essai 
snr les Glaciers^ one of the grandest contributions to the 
geology of his time. This gifted pupil of Werner, whose 
pioneer researches in the Pyrenees have already been men- 
tioned, describes in the first part of the essay the pheno- 
mena of glaciers with a fine precision, rivalling that of 
Saussure, and with a completeness far beyond any previous 
contrt.bution bn glaciers. He relies almost exclusively upon 
his own observations, whereas Agassiz frequently used the 
accounts in the literature. The second part of the essay is 
even more important. In it erratic blocks are discussed, and 
the author brings forward a convincing series of facts, from 
which he draws his conclusion that only glaciers could have 
transported the blocks and stranded them in their present 
positions. ^ 

With characteristic modesty, Charpentier claims neither for 
Venetz nor for himself the authorship of the idea that larger 
glaciers bad formerly filled the Alpine valleys and had left 
the erratics strewn along them. He relates that uneducated 
mountaineers, more especially a chamois-hunter, Perraudin, 
from Lourtier, and a native of Chamonix, Marie Deville, had 
formed this idea and communicated it orally. He also recalls 
a remark of Playfair’s' that had long sunk into oblivion, but 
was the same in effect as Charpentier’s own conclusion. 

The hypothesis of a connected ice-sheet, which had been 
propounded by Agassiz, was not accepted by Charpentier. In. 
the essay, Charpentier explains his arguments against it, and 
he further insists that the maximum advance of the glaciers 
occurred after the upheaval and partial subaerial denudation 
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of the Alps, and not before th* upheaval, as Agassiz had 
assumed. The particular distribution of the transported 
blocks upon the slopes of the valleys, often in long lines, 
affords, in Charpentier’s opinion, clear proof that river-valleys 
had already beefi eroded in the mountain-system before the 
glaciers made their descent to the plain. Neither dges he 
agree witlv Agassiz that the Ice Age was the result of a 
universal fall of terhperature over the earth associated with 
astronomical causes, but regards "the climatic variations® in the 
Alps, and the advance and greater dimensions of the glaciers, 
as local phenomena. 

Although Agassiz and Charpentier differed in their general 
conclusions, both followed the true inductive method, and the 
leading principles which they established by their study of the 
Swiss glaciers have held their place in geological literature. 
The moraines and appearances produced by them had been 
treated by Agassiz with the fullest detail and the most brilliant 
results. But between 1840 and 1845 glaciers themselves 
were made the chief subject of his investigation. 

Provided with physical instruments and a boring apparatus, 
he went in 1840 to the Grimsel Hospice; on the median 
moraines of the Lower Aar Glacier he erected a primitive hut, 
the Hotel des Neuchatelois,^^ which he occupied together 
with his companions, E. Desor, C Vogt, R von Pourtal^s, 
C. Nicolet, and H. de Coulon. Agassiz and Pourtalfes under- 
took the meteorological observations and the investigations on 
the inner structure and movement of the glaciers. Vogt 
studied the mi(^roscopical fauna of the red snow, Nicolet the 
flora of the neighbourhood, Desor and Coulon the glacier 
appearances and the moraines. In the following years, Escher 
von der Linth, the Scotsman J. I^. Forbes, the artist Burck- 
hardt, and others, took part for a time in the work on the Aar 
glacier, and in the ascents of the Jungfrau, which were made 
under the care of the guide Leuthold. 

The researches made from the hut were the first systematic 
observations on the movement of ice in the different parts of a 
glacier under the various diurnal and seasonal conditions, 
and on the temperature of the ice at different seasons, while 
the first facts regarding the thickness and internal structures of 
the ice were secured by means of borings. 

While Agassiz and his band of enthusiastic workers were 
busy in the high levels, the lower valleys at the north and 
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south base of the Alps wefe being examined by A. Guyot 
Agassiz had asked him to study the former extent of the 
glaciers and the erratic blocks. The original intention was to 
publish a work in common which should comjprise the results 
of all the participants in the glacier researches ; Agassiz was to 
write the first volume on the glacier phenomena proper, Guyot 
was to write the second volume on the erratic bkeks in the 
Alps, and Desor was to contribute a third volume on extra- 
Alpine* material. Only the fijrst volume was ever published, 
Agassiz^ Systhne Glaciaire^ 1847, with three maps and nine 
folio plates. Guyot went to Princeton, in North America, and 
placed his 5000 samples of erratic blocks in the Museum 
there. The most important results of his researches were 
published, 1843-47, in the Bulletin de la Soci'ete des Sc, nat, de 
NeuchdteL ^ 

When Agassiz had, in 1840, made known his Ice Age 
theory, he knew the Northern Diluvium only from the litera- 
ture. A visit to the Glasgow Meeting of the British Associa- 
tion in 1840 afforded him the opportunity of studying the 
erratics in the Scottish Highlands. Together with his former 
oppofient, Buckland, whom he completely converted to his 
views, Agassiz found signs of glacier action widely distributed, 
old moraines, glacier scratches, roches moutonnees, and he 
identified in the Scottish “Till” (boulder-clay, ground- 
moraine) scratched pebbles and the fine clay and sand 
material which glaciers push forward on the ground as they 
move. The importance of the scratched pebbles as indications 
of glacial formations was thus recognised for th^ first time. 

In his Glacial System, Agassiz moderated his views on a 
connected polar ice-mantle over the greater part of Europe; he 
allowed that the glaciation gf the Alps had been distinct from 
that of the northern lands, and that it had taken place after, 
and not before the upheaval of the mountain-system. He 
also accepted the testimony of Rendu and Forbes on the 
plasticity of glacier-ice, and referred the movement of glaciers 
to a combination of physical causes of which dilatation w^as only 
one. 

The enthusiasm of the Neuchitel glacialists was infective, 
and for some years glacial studies were highly popular. The 
physicist, James Forbes, from Edinburgh, went for three 
summers in succession, 1842-44, to Switzerland to study the 
movement of glaciers. His results appeared from time to 
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time in the form of letters in the Edinburgh New Philosophical 
Journal, He established the important fact that glaciers move 
more rapidly in the middle than at the sides and bottom, 
and argued from this differential motion that the glacier ice 
behaved like a sTightly viscous mass, which under the influence 
of gravity was bound to flow slowly downward after the i:g[anner 
, of a lava ‘^stream. So many of the glacier phenomena were 
explained by Forbes« theory of the plasticity of the ice, that it 
immediately found wide acceptance. 

The Swiss botanist, Martins, explored glaciers in Spits- 
bergen and Scandinavia. He demonstrated the former greater 
extent of the glaciers in those territories, and made the first 
detailed study of “ground-moraines,” and the kind of sedi* 
ment deposited by the river out-flows from glaciers (glacial 
diluvium). 

In all countries where science was cultivated rapid studies 
were made between 1840 and 1850 in glacial geology; Great 
Britain, the Pyrenees, the Black Forest, Upper Italy, Scandi- 
navia, North America, were diligently and successfully searched 
for evidences of an epoch of extensive glaciation. Germany 
was much longer in accepting the new teaching. L<^pold 
von Buch strongly opposed the results attained by the Swiss 
glacialists, and his influence retarded scientific inquiry of the 
question in North Germany. 

The city of Munich enjoys exceptional natural advantages 
of position for glacial research, seeing that the Bavarian plain 
upon which it stands has been smoothed and scratched by the 
ancient glacier^ upon the Bavarian Alps and the Tyrol, and 
the river Isar, which flows through Munich, gives immediate 
access to the system of Alpine valleys formerly occupied by 
these glaciers. The famous astronomer, Gruithuisen, had 
published at Munich, in 1809, a paper on the erratic blocks of 
the South Bavarian plain, wherein he stated that they had been 
brought from the neighbouring Tyrolese and Bavarian Alps. 
He advanced the idea that glaciers had transported them to 
the low Alpine levels, and then the ice-masses in which the 
erratics were wedged had been borne northward across the 
plains by enormous floods, the same which had spread the 
nagelflue conglomerates over the sub-Alpine Bavarian plain. 
As the" ice-masses melted, the erratics were left in their various 
positions. This was in substance the conception adopted by 
Karl Schimper several decades later. 
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The North German School of Diluvial geologists looked 
with a certain favour upon this explanation, but believed still 
more in the efficacy of water action. The Berlin physicist, 
Wrede, in 1802 gave his opinion that the granite “foundling 
blocks on the German plain had been brought upon ice-floes 
from tlie Silesian mountains. Leopold von Buch in 1810, and 
one or two later authors, proved, however, that ScanTiInavia had 
been the original home of most of the Ndirth German erratics; 
they assumed that gigantic floods had been the chief agent of 
transport, and that the scratches on the rocks and pebbles had 
been caused by the friction of the sand, pebbles, and larger 
fragments during transportation. 

Bernhardi, Professor in the Academy of Forestry in Dreis- 
sigacker, without any knowledge of the researches of Venetz 
and Charpentier, by his own insight arrived at the true"^ solution 
of the problem (Neues Jahrb.fur Miner,^ 1^32). He said the 
polar ice had extended to the southmost edge of the German 
plain now bestrewn with erratics, and that in the course of 
thousands of years the polar ice had gradually withdrawn to 
its present reduced dimensions and more limited fields of 
glaciation. Before Bernhardi, the Norwegian geologist, Jens 
Esmarch, in 1824 had suggested there had been a far greater 
extension of the Norwegian glaciers than now existed. But 
the tide of influence and authority in Germany at the time ran 
in other directions; an Esmarch or a Bernhardi might say 
what they thought, but there the matter ended ; none listened 
while a Von Buch and a Sefstrom said differently. The Swede, 
Nils G. Sefstrom, was the most extreme of Uie diluvialists. 
He taught that the northern floods had spread diluvium over 
Scandinavia, Finland, Russia, and Germany, and borne frag- 
mented rock-material and big boulders from the northern areas 
as far south as the foot of the Alps. 

During the years 1839-43, a brilliant group of British 
geologists, Lyell, De la Beche, Darwin, and Murchison, 
thoroughly acquainted with the results of the polar explorations 
made by Parry, Scoresby, and Ross, founded the “Drift Theory,” 
which appeared to be a satisfactory explanation of all the 
phenomena. They attributed the transport of erratics and 
the'formation of the thick surface deposits or “boulder forma- 
tions,” known under various local terms in Great Britain, most 
commonly as “till,” or “boulder-clay,” to floating icebergs 
which had drifted far southward from Polar regions. The 
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term “Drift” then came to be af)plied to the same deposits 
which had been previously termed “Diluvium” {ante, p. 114); 
and both terms are retained in popular use as synonyms of the 
more technical term “ Pleistocene,” introduced by Sir Charles 
Lyell. • 

A young Russian geologist, Bbthlingk, published in 1839 ^ 
paper of ts»:ceptional interest descriptive of the “diluvial or 
Pleistocene deposits"’ in Finland and Lapland. In his opinion, 
the greater mass of the “diluvium” had virtually been de- 
posited by floods, but the erratic blocks could only have been 
transported by ice. His work helped to bring the “Drift 
Theory” into favour on the Continent, and comparatively few 
of the leading geologists in Europe at that time lent a willing 
ear to the ice theory of Swiss geologists and their conception 
of a continuous ice-sheet, or glaciers hundreds of miles long. 

The departure of Agassiz for North America in 1847 took 
away from Europe the best-known and most powerful exponent 
of glaciation, and a period of stagnation ensued in glacial 
geology. 

Seven years passed, and another enthusiastic glacialist took 
the place of Agassiz in European literature. Sir Andrew 
Ramsay 1 not only proved the former glaciation of Scotland 
and Wales, but recognised traces of two Ice Ages in the con- 
stitution of the breccias and pebble-beds of Malvern and 
Abberley. He also found evidence of glacier action in the 
Permian period, and this raised anew the questions of climatic 
periodicity and ice erosion. Venetz and Moiiot had been of 
opinion that ckiring the diluvial epoch all the greater areas of 

^ Andiew Crombie Ramsay, boin 1814, in Glasgow, was intended for a 
merchant’s caieer, when, on the publication in 1S41 of his excellent treatise 
on the geological formation of the island of Anan, De la Beche secured 
him as assistant for the geological survey, with which Department he was 
connected for forty years, first as survey geologist, then as local director, 
and, after Murchison’s death in 1871, as General Director. At the same 
time he discharged his duties as Professor of Geology at the School of 
Mines in London. Ramsay was ranked as the best field geologist in Great 
Britain. His principal work is a geological description of North Wales, 
which appeared in two editions (ifeb, 18S1), He also published a geo- 
logical map of England and Wales, 1S59; fifth edition, 1881. Besides his 
ofiicial duties, Ramsay occupied himself much with the problems of ph^isical 
geography and dynamical geology. His Text-book of the Physical Geology 
and Geography of Great Britain aj^peared in five editions between 1864 
and 1878, (Comp. Sir Arch. Geikie, Memoir of Sir Andrew Croinbie 
Ramsay, London, 1895.) 
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repeate(^ly covered by ice. This view now 
received more credence, especially after Oswald Heer’s re 
searches on the paleontology of the Ice Age in Switzerland' 

theXna a^dC"of" contoiliing 

foro 1 ■ ^ ‘^^“Perate cPmate, and there 

Lion's ^ prolonged interruption of the polar con- 

After i^amsay’s brilliant work had proved that*^lmost 
vWrole of Great Britain had been covered by fvL ice sheet 
Ivjerulf and Otto Torell demonstrated that Scand navk haH 
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cStdn siarWo! ^ ^0P0g>'^Ph>cal conditions led 

captain stalk to suggest that the surface of the plain had been 

g ciated; and pttel in 1874, by his discovery of good examples 
of striated rocks and his determination of typkal Ind Ld 
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plafeauto'^L centralke-sheet of the Scandinavian 

p au to the plains and basins of Northern Eurone 
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Professor Penck in 1882 published a work entitled The 
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Glaciation of the German A/fs, wkich has become a classic in 
the literature. The careful inquiries conducted by Alphonse 
Favre and Desor, and the more recent works of Heim, Du 
Pasquier, and Bruckner, meantime advanced the knowledge of 
topographical aifd geological phenomena due to the glaciation 
of the Swiss Alps, while similar studies have been carried on 
by many eminent geologists in the countries of Northern 
Europe. In Great®* Britain, Sir Henry Howorth, Professor 
Hull, and Professor Bonney still support Lyell’s “ drift 
theory”, the majority of British geologists, however, have 
accepted the ice theory, of which Sir Andrew Ramsay, Sir 
Archibald Geikie, and Professor James Geikie have been the 
ablest exponents. 

The exploration of existing masses of inland ice and of the 
glaciers ih the high mountain-systems exerted a stronger fascina- 
tion for many than the study of the deposits of the past Ice 
Age. Dr. Simony, a "Viennese enthusiast, has taken accurate 
observations for more than forty years on the Dachstein glacier, 
and Pfaff has studied the glaciers of the Gross Glockner, in 
the Austrian Alps ; in Switzerland, a scientific society has been 
founded for the pursuit of glacier research, and measuretnents 
on the Rhone glacier have been taken for many years. 

Amund Helland’s observations on the comparatively rapid 
movement of the glaciers at Jacobshavn surprised European 
scientists, whose ideas of glaciers had been formed mainly on 
the basis of Alpine glaciers. Nordenskiold’s travels, Fridtjof 
"Nansen’s bold crossing of the Greenland ice, Keilhack’s and 
Von Drygalskijg careful physical and mathematical geological 
observations on the glaciers and ice-fields of Iceland and 
Greenland, confirmed with irrefutable data the action of inland 
ice-masses and the correctness of^Torell’s explanation of the 
‘‘diluvial” phenomena in Northern Europe. The boldness, 
the enthusiasm, and the achievements of these explorers 
have worked inspiringly on the public mind, and awakened 
an interest in the scientific aspects of Arctic territories 
which finds an outlet in the warm support given to the 
geographical societies in all countries and to the schemes for 
further exploration that are from time to time initiated 

As has been said, Charpentier recognised the work of 
denudation affected by glaciers, but much broader views of the 
erosive power of ice were formulated by Gabriel de Mortillet in 
several papers published between the years 1858 and 1862. 
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Ramsay then wrote a genersfi paper On the (xlacial Origin of 
certain Lakes in Switzerland, the Black Forest, Great Britain 
Sweden, North America, and elsewhere’’ {Q. Jour, Geol, Soc. 
1862). In this paper Ramsay attributed the excavation of 
many lakes and fiords to the erosive force of moving ice, and 
Tyndsill in the same year gave his opinion that the Alpine 
valleys had been excavated by the same agency. 

Duiing the forty years that have elapseB since that time the 
erosive force of ice has been a subject of animated discussion 
and still there are two distinct parties amongst glacialists^ 
those who oppose and those who support the main issues of 
Karnsays discourses. Amongst the supporters or extreme 
glacialists may be counted in Great Britain such geologists of 
authority as Sir Archibald Geikie and Professor James 
Geikie; in Austria, the geographer and geologist, Professor 
lenck; in Switzerland, Professor Bruckner; in Scandinavia, 

I rofessor Nansen; while in North America Sir William Logan 
was a warm supporter. ® 

Geologists who oppose the extreme view of glacial erosion 
have pointed out that a variety of local causes may give orio-in 
to lakes and fiords. ^ Actual cases have been cited where 
fluviatile, or morainic accumulations, or crust movements 
would sufficiently explain the form of the basins attributed 
to ice erosion. 


Much has been written in physics upon the causes of ice 
mowment. Of great importance were the experiments made 
by Carnot and James Thomson (1849) on the liquefaction of 
ice under strong pressure, and the lowering ^f the melting 
point below as well as the discovery made by Faraday 
(1850) of the re-umon or regelation of fragments of ice with 
moist surfaces. Application of the principle of fragmentation 
and regelation to the phenomena of glaciers was made by the 
eadmg physicists of the day, Tyndall (1857), Helmholtz 
(1565), and Lord Kelvin, and thus a scientific explanation 
was secured for the theory of glacier motion which had been 
originally advanced by Rendu and Forbes. Professor Heim 
in his excellent Handbook of Glacier Phenomena (i88^) 
^mmarises the whole field of knowledge of Alpine glaciers! 
He decides the question of glacier motion in the main in 
favour of Forbes’s theory of plasticity, but he also recognises a 
gliding movement of the whole mass under the influence of 
gravity. 
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Numerous observations in different areas have testified to 
the frequent oscillations of the glaciers during the Ice Age. 
The glaciers appeared to have frequently retired, and ice-fieids 
to have diminished in size as often as any amelioration in 
climatic conditions set in. Such variations may be observed 
in ice-dad regions at the present day. And as the .lique- 
faction ofisfhe ice-masses gives rise to larger volumes of water, 
the frequent local ffoods, of which evidences are afforded in 
the intercalation of fluvio-glaci^l deposits within the glacial 
series, are thought to have been associated with periodic 
oscillations. 

Two main advances of the mountain glaciers and of inland 
ice were determined by Ramsay for the British Isles and by 
Hear for the Alps, and have been confirmed by Scandinavian 
and Gernian geologists upon the evidence of the glacial and 
fluvio-glacial deposits in their respective countries. In all 
these areas a prolonged interlude of milder climatic conditions 
appears to have intervened between two chief epochs of 
glaciation. But Professor Penck in recent papers has aug- 
mented the number of distinct epochs of glaciation in the 
Alps and North Germany to three or four, thus approc^liing 
the “five^^ glacial intervals enumerated by Professor James 
Geikie, and the “seven” by James Croll. On the other 
hand, Holst in Norway, Upham and Wright in North America, 
and many other authorities recognise only one Ice Age, marked 
by occasional seasonal or periodic variations of no great 
significance in the dimensions of the glaciers and inland ice. 

It is still mofe doubtful whether geologists have been right 
in supposing that several Ice Ages occurred during geological 
epochs previous to the Diluvial Age. Ramsay, in 1855, 
explained certain Permian conglomerates in England as 
accumulations transported by glacial action, and Dr. Blanford 
applied a similar explanation in 1856 to the “Talchir” con- 
glomerates of almost the same geological age in Central and 
Southern India. It then became commonly accepted that 
extensive glaciation had occurred in the Permian geological 
epoch. Erratics and scratched pebbles have since been 
described from the Silurian rocks in the southern counties of 
Scotland by Moore and James Geikie, and also in the Old 
Red Sandstones or Devonian rocks of Scotland by Ramsay. 

The Miocene conglomerates in the neighbourhood of Turin 
were explained by Ramsay, Lyell, and Gastaldi as material 
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^ Similar explanation was sug£;ested 
or the exotic blocks in the Alpine and Carpathian “Flysch” 
ormation. From time to time examples of boulder and 
conglomera^ deposits were reported and were dealt with in 
tins vvay. To mention a few examples; in 'iS?® Sutherland 
descrOied breccias with polished blocks in the Karroo Beds of 
South Afiica, and in his explanation of them ^slacial in 
origin he was supported by Griesbach'* (1871) and Stapff 
(1S99), 111 Australia, R. D. Oldham explained boulder con- 
glomerates in Carboniferous and Permian time as matSal 
transported and stranded by icebergs; Waagen (1887) de- 
^ribed scratched pebbles and polished blocks from the Salt 

referred them to a Carboniferous 
ice Age; Notling more recently (1896) concludes they belong 

I'n mentioned glacial traces 

m the Cambrian rocks of Scotland, and Reusch (1891) in the 
Cambrian deposits of Northern Norway. The conclusion 

ennch and James Croll is that all the greater 

epochs in the history of the earth have been marked by a 
series^ of glacial and interglacial episodes. 

But the number of geologists who accept the teaching of 

EashJ ^‘'Tl‘'°” territories is rather decreasing than 

increasing. The minute detail in which geological maps are 
now being prepared tends to show that in many cases alUhese 
phenomena of scratched pebbles, and boulders, and polished 
surfaces may be observed in the sheared and brecciated rock- 
mterial occurring along the planes of great crust-movements. 

J ^ cautious geologist be wiling to accept 

an ice age or even local glacial action, in a remote geological 
epoch as the explanation of scratched pebbles and the ofcur- 

thrm?fter^fnr'^h^°“'‘^if in a position to investigate 

himself, or it can be conclusively proved to him 

history of crust-disturbance. The 
attitude of present-day geology with respect to the much 
vexed questions of glacial action is to hold an open mind 
towards each alleged example. ^ 

noS wJ its chief distribution in the 

north-west of Europe and in the north-east of America • but 
with the exception of those large areas covered by inland ice’ 
the evidence of glaciers is found only in mountain ranges 
which still possess glaciers, or in which a very slight climatic 
depression would cdl forth glaciers. Hence thf gS"; 
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during the Pleistocene Age is mo§t simply regarded as repre- 
senting an extreme phase of existing climatic conditions. 

Charpentier thought at first that the glaciation might have 
been due to the former greater height of the Alpine system ; 
but he afterward? modified his opinion in so far as he regarded 
an exceptionally high rainfall in addition to a low temperature 
as a necjpeary condition in the accumulation of immense 
masses of ice. Chafpentier argued that the atmosphere must 
have been loaded with moistufb, which became condensed 
over the high Alpine regions. 

Many attempts have been made to explain the Pleistocene 
climate, sometimes cosmic causes, sometimes telluric causes 
being selected as the more important. Sir Charles Lyell 
ascribed the climates of geological epochs solely to telluric 
influence'! {anie^ p. 192). He thought the Ice Age in Europe 
and North America was explicable upon some such assump- 
tion as a close grouping of islands round the North Pole, a 
heightening of the continental territories between 70° and So** 
latitude, a submergence of the temperate zone below the 
ocean, and a diversion of the warmth-giving Gulf Stream. 
Escher von der Linth and Desor brought forward (i8(?3) in 
support of this theory their conclusion that the Sahara had 
been totally submerged during Pleistocene time, and that the 
consequent absence of the warm Fohn wind must have lowered 
the temperature of Central and Southern Europe. It has since 
been shown by Dove that the Fohn wind does not come from 
the Sahara, and Zittel and other scientific explorers of the 
Sahara have disproved the old idea that the Sahara was under 
water during the Pleistocene age. 

The principle involved in Lyell’s theory was accepted by 
Sartorius von Waltershausen an^ Stanislas Meunier, who 
assumed a much greater height and breadth of the mountain- 
systems as the chief modifying cause. Meunier showed that 
the accumulation of snow and ice on extensive mountain 
plateaux would of necessity lower the temperature. The 
Norwegian geologist, K. Pettersen, believed that an Arctic 
continent existed between Greenland and Spitzbergen during 
the Ice Age. 

The explanations which have received the widest recognilion 
are, however, based upon cosmic causes. The French mathe- 
matician, Adhdmar, in 1832 contributed a remarkable paper 
on the “Revolution of the Sea: Periodic Deluges.^’ He 
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drew attention to the eccentricity of the earth's orbit round 
the sun, and the fact that during the summer season of the 
southern hemisphere the earth is in its nearest position to the 
sun (perihelion), while during the winter season of the same 
hemisphere the earth is at its greatest distance from the sun 
(aphejion): He then argued, since the eccentricity of the 
orbit was variable, sometimes having the formp-^f a long 
ellipse, sometimes approximating to a cirde, during the epochs 
of greater eccentricity of the orbit, the hemisphere whose 
winter falls in aphelion would undergo a protracted period of 
winter cold. The climate might be thereby rendered so severe 
that stupendous masses of ice would accumulate near the Pole 
in aphelion, and as a further consequence the centre of gravity 
of the^ earth might be shifted. According to Adhemar, the 
conditions favourable for extensive glaciation recur in each 
hemisphere at intervals of 10,500 years, and thus call forth 
periodic Ice Ages. 

Although Sir John Herschel, Arago, and Humboldt were of 
opinion that the eccentricity of the earth's orbit could have but 
a slight influence upon the climate of our planet, Adhemar’s 
theofV was accepted by Julien (i860) and Le Hon (1868) 
with scarcely any modification. James Croll treated the 
subject of cosmic causes of climatic variation in a memorable 
\YQxk^ C/tma/e and Twie (1875). He improved the theory 
enunciated by Adhemar, inasmuch as he showed the depend- 
ence of the prevailing winds and ocean-currents upon the 
eccentricity of the earth’s orbit, and explained how masses of 
ice and snow accumulating at the Pole must, in virtue of their 
radiation of cold, absorption of heat, and condensation of 
moisture, tend strongly to reduce the temperature. Croll 
supposed that the intergl^ial periods were characterised by 
the almost complete withdrawal of the glacier ice, and by 
extensive subaerial disturbance of the glacial deposits. In 
Great Britain, Croll’s views have been accepted by many 
geologists, amongst others by Sir Archibald Geikie and his 
brother. Professor Geikie. Professor Penck and Professor 
Pilar ^ are the best known of Croll's adherents on the 
Continent. 

Sir Charles I.yell took objection to Croll’s theory, mainly 
because of the insufficient geological evidence of recurring 
epochs of glaciation; nor can this objection be said to be even 
yet overcome. Neumayr doubts, on the one hand, whether 
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variations of eccentricity could affict climate to such an extent, 
and on the other, he thinks Croil’s whole chain of argument 
valueless, since, excellent as it is, astronomy has not yet ascer- 
tained with any security that there have been periods of very 
great eccentricity of the orbit Poisson (1837) suggested that 
climatic ys^riations might result from movement of the solar 
system^ tfyr^ugh warmer and colder portions of space;* other 
authors Have suggested changes in the obliquity of the ecliptic 
or a shifting of the earth's axis as possible causes of variation, 
but science has not yet arrived at any generally accepted 
solution of the difficult climatic problem of the Ice Age. 

D. Geological Action of Organisms . — Scientific research has 
abundantly shown how subtle is the chemistry of life, and how 
important and complex is the part played by the organic world 
in the economy of nature. 

Plants and animals abstract from the atmosphere, from the 
soil and the rocks, certain inorganic constituents which enter 
into new chemical combinations in the active tissues of the 
living organisms, and are partly assimilated, partly returned in 
altered form to the atmosphere and the ground. • 

Animal creation thus serves as an intermediary between the 
atmosphere and the earth’s surface, utilising and metabolising 
matter derived from both, and effecting transferences from the 
one to the other. 

The present action of living organisms upon the earth’s 
surface is therefore partially to destroy, partially to renew and 
enrich it; and^ similar functions were fulfilled by living organ- 
isms in past ages. But more important for geology than the 
changes effected by metabolism and mineral decomposition 
is the consideration of the additions made to rock-deposits by 
the accumulation of organic remains. 

The destructive effects of plant-growth are produced in virtue 
both of chemical and mechanical agencies. When plants 
decay, organic acids develop, and, as Bischof and more 
recently Julien have shown, these have a strong solvent and 
oxidising action upon the surrounding mineral matter. More 
especially when combined with water they promote rapid 
decomposition of the rocks, and their disintegrating action, 
productive of soil, may be traced to considerable depths below 
the surface. The roots of plants as they penetrate downward 
through the rock-fissures exert a certain mechanical force upon 
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the rocks. Even the rootlets of grass and other vegetation 
bore their way through sub-soil, and thus prepare an easier 
path for the infiltration of surface water and its combination 
with the organic acids as it proceeds on its subterranean 
passage. While, therefore, a thick coverin'g of vegetation 
helps fo protect the ground from sudden landslips and rapid 
surface denudation, and has a beneficent infi«wf\ce upon 
climate, the decay of vegetation slowly find surely rots any 
mineral matter within reach Of the powerful humus acids. 

Peat-mosses occupy wide areas in the Temperate and Arctic 
zones, and have been frequently made the subject of scientific 
researches. In iSio; Rennie published his work, JSssajys on 
Peai-Mossj an able treatise on the Scottish peat-mosses; and 
the nature and origin of peat-deposits were afterwards eluci- 
dated in handbooks by Dau (1823) and Wiegmamf (1837). 
What Rennie achieved for the Scottish peat-mosses, was done 
for the Danish and North German peat-deposits by Steenstrup 
(1841) and Griesebach (1845). These authors defined for the 
first time the differences between Sphagnum mosses char- 
acteristic of marshes on mountain-slopes and valleys; low- 
lying 'or lacustrine growths and deposits of peat rich in rushes 
and sedges ; and forest-peat or swamps. A typical example of 
a forest moss is the “ Dismal Swamp in Virginia, which Lyell 
described in 1841, and Lesquereux afterwards examined in 
more detail. 

Modern deep-sea researches have discovered a few instances 
of marine peat; and according to the new investigations of 
Eughne Bertrand, isolated coal-beds occur which have been 
mainly formed by sea-weeds, for example the “Boghead” coal, 
near Autun, and the “Kerosene” in Australia. The low 
coasts, estuaries, and rivergtnouths in tropical lands are fre- 
quently fringed by mangrove-trees whose withered roots and 
fallen radicles form coaly deposits on the sea-floor, mixed with 
a large proportion of the finer coastal detritus. In a similar 
way, drift-wood may accumulate in large rivers, and by the 
process of subaqueous decay may be converted into lignite, 
or a substance of the nature of brown-coal. LyelFs descrip- 
tion of the “rafts” of the Mississippi will be familiar to most 
readers. 

Fossil brown-coal may be compared with these recent forma- 
tions. The origin of brown-coal from plant-decay has never 
been questioned. A valuable monograph on brown-coal, describ- 
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ing its physical and chemical cosstitution, its palffiontoloey 
pological occurrence, and geographical distribution, was pub- 
lished by C. F. Zincken in 1865. ^ 

Fossil peahdeposits occur, so far as at present known, only 
ifi the po_st-Ter 4 iary or Quaternary formation. The blacl/ 
coal deposits of the oid formations were frequently compared 

geology literature with brown-coal, but the homogeneous 
structure and the rc-rity of good plant-remains in black coal 
threw great doubt upon this expla-nation of its origin AgriS’ 
m 1544. explained it as condensed petroleum, and his o^S 
still found favour with Voigt in his special work on Coal- 
deposits (1802) and with Buckland (1822) 

of Hutton, even explained coal as a 
Andrei chemical decomposition of Archtean rock, while 
Andreas AVagner supposed it to represent condensed and de- 
oxidised carbonic acid derived from an atmosphere super- 
saturated with carbon dioxide. Many of the geologists in^he 
eighteenth century upheld the correct e.xplanation^; amongst 
others Scheuchzer in 1706, Beroldingen in his work on cS 

Hutton in 

Lrreat Dritmn (1785). But it was not until the micrcucone 
was applied to its investigation that the origin of coarfrom 

pant-grovvth ivas securely established. In 1848 the 

German botanist. Dr. Heinrich Goeppert, proved tlS t e 
vascular cryptogams and conifers whose remains accompanv 
coal-formations had supplied the material of the S“t 
His results were corroborated by Dawson in iS^-^but 
even after this date erroneous conceptions from ^t?me to 
time were advanced with regard to the kinds of veo-etation 
which had given origin to the coal-deposits. A decisive 
paper _ on the subject was contributed by Giimbel to the 
Bavarian Academy of Sciences iTi 1883, wherein he gave 
microscopic sections showing the fine textures of the various 
plant-remains in peat, brown coal, black coal, and anthracite 
nlJ« transformation of decayed plant-remains into coal takes 
place under the fundamental condition of limited access of 
a""’ promoted by heat and pressure. There is little 

doubt that all three factors have contributed to the oririn of 
the deposits of black coal, and Bischof suggLed tK^^^ 
characteristic chemical and physical constitution S 
varieties of coal^ had been determined by definite relations in 
the amount of air admitted and in the accompanying heat and 

16 



242 HISTORY OF GEOI.OGV AND PAL/EONTOLOGY 


pressure. A considerable less of substance takes place during 
the tiansformation; Bischof reckoned that a mass of pl5 
materia about eighty feet thick will only yield a coal-sea 
about thiee feet in thickness. / > ^ coal seam 

There still continues a difference of opinion whether blacl- 
coal ongmated tnsiht or if the plant material had been drifted and 
eposited in the smiie way as other sedimentary £Qck. Lyell 
nolpH are among the geologis^who sup- 

^ ^ tranaformation of the vegetable matter 

took place in as in the case of the large Voportion of 
peat-niosses, and this is the common opinion of geologists 
In trance however, the theory of sedimentation is strongly 

excellent work p£ 

hshed in 1882, upon the flora of the Carboniferous formadon 
Cential Fiance, came to the conclusion that the coal-seams 

bf w°oods‘''‘^F-^^ deposition in lake-depressions surrounded 
by woods. Five years later, the Etudes of Henry Fayol 

C°“"^entry brought forward I strong 
chmn of evidence in favour of sedimentation from water 
Fayol shows how the pebbles, sand, mud, and plant detritus 
borne in suspension by rivers subside according to their weight 
and arrange themselves as independent layirs of sedimLt’ 

I he coarser pebbles are deposited near the shore, usually with 

and slope, while the light plant detritus is carried far out 
and deposited almost horizontally# 

In accordance with the amount of rainfall, the volume 

Sriorin-a^ vary, likewise the erosive 

So Tat the ahen 7 ^' Sediments. 

Sal SmTohT T" ° conglomerate, sandstone, shale, and 
coat seams obseived in most coal-basins finds, according to 

decrease TTTnfaT wTh upon the basis of increase and 
1 av?i ? u ' ^'*out assuming oscillations of ground- 

has not only accepted the views of Fayol and 
pplied them generally to coal-basins, but also supported them 

measurTdue to th^ 

T held bv th® S’fted geologist that the sedimentation theory 
lb .held by the majority of French geologists at the present 

S^bchsS TisST^'?" advanced 

the adSTn that river-bars controlled 

tne aamission of the inflowing water into the lake-basins. 
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When the river-water was low, oily the most buoyant plant 
detritus could be floated across the bar ; when the water level 
was high, sand and pebbles were also carried into the basin of 
deposit (anfe, p 220). 

Lake-deposits fX)f siliceous earth (‘‘kieselguhr ”) were dis- 
covered by Ehrenberg in 1837 to be composed of 
the silicifi^ed valves or fragments of valves belonging to 
unicellular plants of microscopic size, the Diatomaceee. 
These plants exist “both in fresh and salt water, and their 
remains have gathered on the floor both of inland lakes and 
the ocean. Ehrenberg first demonstrated the presence of 
diatom remains in the ground of Berlin, in the peat-mosses 
of the Liineburg heath, afterwards in samples of pelagic 
deposits, and in the “ kieselguhr and ‘Tripoli powder’^ of 
Bilin in -Bohemia, Richmond in Virginia, and other places. 
The explorations of the Challenger Expedition proved that 
extensive areas of the ocean-floor were covered by the skeletons 
and fragmentary debris of diatoms. In 1889, Weed found that 
the separation of silica from the hot springs and geysers of 
the Yellowstone Park was largely accomplished by diatoms. 

More important is the assistance rendered by certain plants 
to the elaboration of limestone. It has long been known that 
the formation of calcareous tufa is promoted by the growth of 
moss, rushes, and certain algse. On the other hand, it was 
discovered comparatively late in the history of research that 
marine limestones sometimes attaining great thicknesses owe 
their origin to algal organisms. Philippi was the first to 
recognise, in ^837, that the pelagic Nullipores previously 
regarded as polyps or Bryozoa belonged to the group of Cal- 
careous Alg^. The name of Nullipores was changed to Litho- 
thamnia and Melobesia, and Unger in 1858 demonstrated the 
important part such organisms had played in the construction 
of the Leitha limestone in the Vienna basin during the 
Miocene period. Two important works on the subject were 
contributed and laid before the Bavarian Academy of Sciences 
by Giimbel in 1871 and 1872. These works not only added 
to the microscopic knowledge of the skeletal structures of the 
Lithothamnian group, but also proved that other skeletal 
remains widely distributed in the Alpine limestones, and 
which had been referred by Schafhautl to the Bryozoa under 
the name of Diplopores, agreed with the structure of the 
Dactylopores. 
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Charpentier had previoucsly included Dactylopores amongst ' 
the Foraminifera, and the name of Foraminiferal limestone 
rapidly began to be applied to the Alpine deposits in 
question. IMeunier-Chalmas, however, showed in 1877 biat 
the so-called Dactylopores were not Foraminifera and did not 
belong to the animal kingdom at all, but were Calcareous Algje. 

In view of Giimbers results, these algal organi^is, under 
the new name of GyroporcUa^ were raised to a place of the 
first importance in the history of Alpine rock-building, since 
their aggregated remains form a very great portion of the 
enormous thickness of limestone and dolomite which adorn 
the Eastern Alps. 

In his work on Chemical Geology, Bischof had expressed 
his opinion that the thick deposits of marine limestone occur- 
ring in the geological formations had been formed by pelagic 
faunas which derived the calcareous substance from the calcium 
carbonate in sea-water. Volger in 1857 showed that the 
source of the lime was for the most part not the very small 
proportion of lime carbonate dissolved in sea-water, but the 
gypsum or lime sulphate. Recent researches support Volger’s 
resul?ts, and enter in more detail into the chemical processes 
by which the animal tissues are enabled to assimilate the lime 
as a carbonate, and to throw off the sulphur in chemical com- 
binations wuth waste products, more especially ammonia. 

The ‘‘tests’’ or “casings” of pelagic Foraminifera are some- 
times calcareous, sometimes arenaceous, and are sometimes 
imperforate {e.g. Miliolina, Orbitolites), sometimes provided 
with a number of small apertures or foraming, Nodosaria, 
Globigerina, Rotalia). 

D’Orbigny in 1825 examined both recent and fossil speci- 
mens of Foraminifera, and^ misled by the elaborate appearance 
of the shells, he placed them in affinity with the Nautiloid 
group of Molluscs, but since then the microscopic study of Fora- 
minifera and the extended means of comparison with related 
forms of lowly animal life have shown this group to belong to 
the Protozoa (A/zM Carp.); from geological, geo- 

graphical, and zoological sides of research, abundant evidence 
has been given of the pre-eminence of testaceous material in 
polagic deposits. 

As early as 1839, Ehrenberg proved that chalk rocks were 
composed of fossil Foraminifera, and demonstrated a similar 
aggregation of minute calcareous shells belonging to recent 
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Foraminifera in certain fresh samples of ocean deposit But 
it was not until 1871, by means of the Challenger Expedition, 
that any approximate estimate of the composition of typical 
pelagic oozes could be formed. The report by Murray and 
Renard (1891) on deep-sea deposits discloses the great import- 
ance of Globigerina ooze, which covers the floor, more ^espe- 
cially central portions, of the Pacific Ocean, and is 

found at depths as great as 2,600 fathoms. It is more widely 
distributed than any of the other organic ocean muds, the 
Pteropod calcareous ooze, the siliceous ooze composed of 
diatomaceous material, or the Radiolarian siliceous ooze which 
is limited to very great depths of the ocean-floor. Littoral 
deposits are more mixed in character, usually comprising 
Molluscan, Bryozoan, and Echinoderman remains, although 
occasion^ly beds of individual types occur. Recent littoral 
deposits, on account of their more accessible position and the 
larger size of the faunas, have long been familiar to scientific 
observers, and were the first to be compared with fossil faunas 
in the rocks. 

The activity of reef-building coral zoophytes has been one 
of the most interesting themes in modern scientific resd^rch. 
The red coral of the Mediterranean Sea was highly prized by 
the nations of antiquity for its beauty, and has always been an 
article of commercial importance. The first mention of the 
coral growths in the Red Sea was by the Portuguese writer, 
Don Juan de Castro; in 1616, Pyrard described the coral 
atolls of the Maidive Islands; and in 1742, Peter Forskal by 
a series of inve^stigations on coral reefs determined that the 
calcareous material for their construction was separated from 
sea-water by a small sedentary polyp. The closer study of 
the coral animal has shown it tp be an ally of the Sea- 
Anemone or Actinian polyp, from which it is distinguished by 
its habit of growing as colonies, and of building up calcareous 
skeletal supports for the soft fleshy parts. 

Geology has contributed a vast store of information about 
the skeletal structures of reef-building corals in past geological 
epochs, and at the present day few questions are of such 
common interest to the various branches of natural science as 
those concerning corals — the determination of the present 
geographical distribution of coral reefs, the climatic and 
physical conditions of growth, the chemical transformations 
undergone by the skeletal structures after withdrawal of the 
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polyp, the thicknesses and ^eal dimensions attained in virtue 
of the continued upward growth and seaward extension of the 
reef, and the proportion of coral formations in the limestone 
and dolomite rocks of the Alps and other regions. 

Reinhold Forster, who accompanied Captain Cook on his 
voyage round the world in 1778, expressed the view that the 
formation of coral reefs was limited to the seas of warm 
climates, and wrote as follows regarding the mode o^construc- 
tion : — “ The reef is built up by the lithophyte worms from the 
ocean-floor until it comes within a very small distance of the 
surface of the ocean. The waves wash against this newly-built 
wall all kinds of d'ebris, mussel shells, fronds of sea-weed, 
fragments of coral, sand, and other material, so that the sub- 
marine coral wall gradually increases in height, and begins to 
be seen above the surface.” • 

The circular form of atoll reefs is explained by Forster as 
the result of a continued effort on the part of coral polyps to 
erect a wall protecting them from dominating winds. James 
Cook added a number of observations on reef-growth, supple- 
mentary to those of Forster ; and John Barrow in 1806 made 
the Srst attempt to determine the thickness of coral rock on 
an island. Flinders prepared in 1801 a map of the reefs off 
the Australian coast, and in 1814 published an important 
cartographical work, in which he agreed with Forster’s views 
on reef-growth. Peron in 1816 enumerated 245 islands of 
reef-coral, and determined their geographical position between 
34° north and south latitude. 

Valuable observations were made on the conditions favour- 
able for the growth of reef structures by Cha&isso and Esch- 
holz, who accompanied Kotzebue’s voyage of exploration 
(1814-18) in the southern seas. Adalbert von Chamisso, 
during a prolonged sojourn on an atoll of the Radack group, 
took accurate measurements, upon the basis of which he after- 
waids sub-divided coral reefs into three classes, coastal reefs, 
inland groups, and atolls. Atolls were described as circular or 
ring islands, rising like table mountains from the ocean depths 
and only showing a narrow edge above the water. Chamisso 
distinguished very emphatically the higher side of a reef 
directed towards the prevailing wind from the lower protected 
side, which is frequently interrupted, and through which a 
channel leads into the central lagoon of the island. 

He doubted whether the calcareous rock-material of the reef 
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represented coral structures in thgir actual original position, 
and inclined rather to regard it as a'stratified accumulation of 
coral debris, embedding sometimes larger masses of coral 
colonial growths. Chamisso followed Forster in supposing 
that the coral re^fs began to take shape on the ocean-floor at 
considerable depths, and their own continued growth brought 
them ultimately up to the surface. At the same time, frofn the 
distribution of corab islands, Chamisso thought it probable 
that corals settled upon submarine ridges. Eschholz associ- 
ated the form of the coral islands with the pre-existing form of 
submaiine mountains, whose summits they crown. He ex- 
plained the origin of atolls on the assumption that when a reef 
has arrived at considerable dimensions the corals flourish best 
on the outer edge under the constant wash of the breakers 
and surf,.^and the reef tends therefore to increase more rapidly 
there ; the lagoon, which is seldom over 30 fathoms deep, in 
the opinion of Eschholz, arises from the decrease and even 
cessation of coral growth in the middle of the reef, where the 
refuse of molluscan shells and coral fragments accumulates 
and militates against the proper nourishment of the corals. 

Immediately following the results of the Kotzebue Expedi- 
tion, those of the Freycinet Expedition in the years 1818-20 
became known. Quoy and Gaimard published their observa- 
tions on the mode of life of reef-corals in the Annales des 
Sciences naturelks in 1825. They never found living reef- 
corals in greater depths than 25-30 feet, and therefore con- 
cluded that these polyps could only exist in shallow and warm 
water, and preferentially in protected bays little affected by 
storms. JudgiiTg also from the small thickness of the raised 
coral limestones at Timor, Ile-de-France, New Guinea, and 
the Sandwich Isles, they argued that coral reefs could never 
be very thick. In confirmation of fhis result they mentioned 
how frequently coral reefs occur in a direction continuing 
that of the mountain-chains on land, while the massive reefs 
are limited to submarine platforms sloping gently from the 
shore. 

Henrik Steffens in 1822 suggested that coral atolls formed 
on the summit of submarine volcanoes around the crater of 
eruption, which was afterwards occupied by the central lago^on 
of the reef* The same hypothesis was advanced indepen- 
dently by Quoy and Gaimard, and during the Duperry Expedi- 
tion of 1828 ^Yas more closely investigated and accepted by 
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Lesson and Garnot. The Ringlish ilavigator, Captain Beechey, 
took a number of soundings round the edges of coral reefs, 
and also arrived at the conviction that they were based upon 
submarine mountains, whose summits were never covered by 
more than 400-500 feet of water. ► 

The considerable size of many atolls made it seem some- 
what Improbable that they had been erected uj)on isolated 
volcanoes, and this theory was opposed bv Ainsworth in 1831. 
Pie thought that, in addition, to the coral polyps in shallow 
waters, there might be certain species whose habitat was at 
greater depths. In explanation of the higher edge on the 
wind\^ard side of an atoll, he called oceanic currents to his 
assistance, and thought they compelled the polyps to build 
vertically, whereas on the leeward side nothing prevented them 
from extending the reef in horizontal direction. Charles Lyell 
was favourably inclined to the theory of a volcanic basis, but 
also stated in the first edition of the PrinciJ>ks that the 
inequality in the height of the atoll edges might be due to 
local variation of level, more particularly to local subsidences 
after earthquakes. 

Tke famous memoir by Ehrenberg, “ On the Structure and 
Form of the Coral Growths in the Red Sea,” published in 1 834 
in the Abhandhingen of the Berlin Academy, represented the 
icsult of eighteen months’ study in the particular localities. 
The treatise begins with an exhaustive historical account of 
the previous literature on reef-building corals and leef-forms. 
Ehienberg then describes the form of the reefs in the Red Sea 
as ribbon-like submarine banks extending parallel with the 
coast-line, based upon gentle beach-slopes, and having their 
water surfaces about fathoms below the water-level at high 
tide. There are no exposed reef-surfaces in the Red Sea, and 
the outer side of the reef has a steep cliff edge descending 
rapidly into greater depths. The rock underlying the reefs is 
either a porous limestone or volcanic material ; the coral lime- 
stone itself forms only a thin surface layer about i| fathoms thick 
upon the basal rock. Hence Ehrenberg regards the corals not 
as the builders of new islands, but only as the preservers of 
islands already existing. 

The German zoologist agrees with Quoy and Gaimard on 
one of the leading points of controveisy, namely, the small 
thickness of coral structures, and confirms their conclusion 
that the polyps can only exist in warm water not more than six 
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fathoms in depth. He accepts also the theory of a volcanic 
basis as the best explanation o^ atolls. The accuracy and 
completeness of Ehrenberg’s researches in the Red Sea have 
been since confirmed by some of the best German authorities 
on coral life — H^ieckel, Klunzinger, Walther, 

The reefs of the Bermuda Islands were described by Nelson 
in 1837, and this author demonstrates reef-growth upon a rock- 
basis neicher volcaj^ic nor even firm and compact; in his 
conclusions regarding the origin of atolls he supports Ains- 
worth’s views. 

One of the most attractive books of the nineteenth century 
was undoubtedly Charles Darwin’s great work, 2'he Siructure 
and DistrihUion of Coral Reefs, published in 1842, Ehren- 
berg’s work had paved the way for broader conceptions about 
coral re-s4^s; in it the barrier reef, which had in the older litera- 
ture been kept in the background by the more aggressive 
features of the atoll, for the first time received its meed of 
attention. The balance of scientific knowledge regarding the 
barrier and the atoll was now fairly equal, and Charles Lyell’s 
indication of possible modifications that might ensue in the 
reef-form under the influence of differential crust-movements 
also lay open in the recent literature when Darwin’s master- 
mind came to the formidable task of considering all the known 
data and constructing a scientific generalisation. 

Charles Darwin, while a member of the Beagle Expedition 
between 1832 and 1834, examined a large number of coral 
reefs, atolls, and volcanic islands in the Pacific Ocean, and 
described them with remarkable method and clearness. He 
classified cor^ structures in three groups, now universally 
accepted — atolls or lagoon reefs, barrier reefs, and fringing 
reefs. This special work contains a map of the geographical 
distribution of the coral reefs, and* enriches our knowledge by 
a wealth of new observations on the mode of life of the corals, 
as w^ell as on the relative part taken by the various coral types 
in the construction of the reefs. 

Darwin confirmed the fact that reef-corals only live at small 
depths and in tropical areas, and proposed upon the basis of 
crust subsidence an ingenious theory of reef-growth which 
connected the three chief varieties of reefs by intermediate 
stages. Darwin’s theory assumes that every atoll reef* was 
originally the fringing reef of some island, but owing to, the 
subsidence of the ocean-floor, the fringing reef was gradually 
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converted into a barrier reef, and finally, by continued subsi- 
dence of the floor, passed ^into the form of an atoll. The 
essential feature is a certain reciprocity between the secular 
movement of subsidence and the vertical or horizontal growth 
of the reef. Darwin brings the movements^ of the area of 
subsidence in the Pacific Ocean into correlation with the 
volcanic phenomena so widely extended in that ocean. Where 
fringing reefs still occur, he supposes that ii'^tead orsubsidence, 
local elevation is taking place. The presence of barrier reefs 
and atolls, on the contrary, incficates a submergence of islands 
and a subsidence of the sea-floor. 

The distinguished American geologist and zoologist, Dana, 
had abundant opportunity during the Wilkes Expedition 
(1839-41) of investigating coral reefs, and he accepted Darwin’s 
theory on all the essential points. The apparent nat^iralness 
of Darwin’s theory recommended it to all, and in i860 it 
seemed to find striking confirmation from the geological side. 
In that year Ferdinand von Richthofen published his account 
of the geology of Predazzo, St Cassian, and adjacent localities 
in the South Tyrol Dolomites. He described the limited 
local occurrence of dolomite or dolomite limestone cliffs, in 
many places 2000-3000 feet thick, and the varying age of the 
sedimentary deposits at the base of the cliffs. These were 
sometimes the tufaceous Wengen strata, sometimes richly 
fossiliferous Cassian marls, sometimes the older dolomite rocks 
{Mendola Dolomite), sometimes volcanic lavas. Von Richt- 
hofen suggested that the variation in the age of the deposits at 
the base of the calcareous or dolomite cliffs, as well as the 
great inequality in the dimensions of the clffifs, might be 
explained in the sense of Darwin’s theory on the supposition 
that the cliffs represented coral reefs whose growth had in- 
creased during a prolonged^ epoch of subsidence of the sea- 
floor, and had spread over deposits of different ages at the 
base. Mojsisovics, in conjunction with other members of the 
Austrian Survey, afterwards examined the area in greater 
detail, and in 1879 published his work, The Dolomite Reefs of 
South Tyrol, in which he confirmed Richthofen’s suggestion 
that the cliffs were fossil coral reefs, but declared the growth of 
the reefs to have been contemporaneous with the sedimentation 
of the earthy and volcanic rocks in the neighbourhood. 

Gumbcl, however, proved the frequent occurrence of species 
of gyroporella, or sea-algse, in the dolomite rocks of South Tyrol, 
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and for this and other reasons he regarded them as in the 
main algal accumulations. Lepsfus also thought there were 
no sufficient stratigraphical grounds for regarding the dolomite 
rocks of South Tyrol as other than a marine deposit. But the 
coral-reef theory of origin had very numerous adherents, and 
became a popular explanation for isolated limestone occur- 
rences; for example, Oswald Heer wrote of fossil atoUs and 
barrier reefs'in the S;^viss Jura mountains, and Dupont described 
fossil atolls in Belgium preserved in Devonian rocks. 

Recent researches in the Dolomites represent the occur- 
rence of coral reefs only in insignificant thicknesses seldom 
exceeding 150 feet, sometimes intercalated in the marly volcanic 
rocks, and sometimes in the calcareo-dolomitic rocks. 

Several zoologists contested Darwin^s theory — Wilkes in 
1849, ^oss in 1855, the German geologist Semper in 1863, 
upon the evidence of his exploration of the Pelew or Palaos 
Islands. He found there all the varieties of reef-growth in 
immediate proximity to one another, and older coral rocks 
were present upon the dry land. Hence an explanation based 
upon subsidence seemed inapplicable. Semper formed the 
opinion that the tidal conditions, the breakers, and ocean- 
currents were the chief influences which determine'^ the 
particular mode of growth of a coral reef. 

Similarly, Louis Agassiz (1851) and a number of American 
geologists had studied the coral formations of Florida and 
Tortuga, and could find no evidence of subsidence of the sea 
bottom on which the reefs were growing. These reefs have 
now undergone thorough investigation by Professor Alexander 
Agassiz, the s( 5 n of the famous glacialist and geologist, and the 
conclusion arrived at by him is that the reefs are growing upon 
a submarine plateau formed by the accumulation of mud, 
sand, and organic remains. The •prevailing winds and marine 
currents constantly bring new material towards the plateau, and 
as the latter continues to increase the corals are enabled to 
keep within reach of fresh food-supplies. The whole thickness 
of the Florida reefs, including both the coral limestone and the 
submarine shelf of deposit, was determined by borings to 
be about 50 feet. Agassiz is of opinion that the reefs of 
Cuba, Bermuda, and Bahama, and also the Great Barrier Reef 
of North Australia, may be explained in the same way a 5 the 
Florida reefs. 

Rein published in 1870 the result of observations made on 
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the Bermuda reefs. He found only evidences of elevation, 
and came to the conclusion that coral reefs could be formed 
wherever the fundamental conditions for the existence of the 
polyps were satisfied, and a firm basis of support was present; 
and it was quite indifferent whether the basis \ps a submerged 
coast, a submarine plateau of elevation, or a submarine volcano. 
Sir John Murray arrived at similar conclusions {Proc, Roy, Soc. 
Edm., 1880). He does not accept the Jiypothesis that the 
atolls and barrier reefs of the Pacific Ocean are built upon 
a submerged continent, but believes the coral polyps settle 
upon isolated volcanoes which still are partly above the water, 
but have been in some parts abraded to the limit of the 
mechanical activity of the waves; and he correlates the different 
forms of the reefs with conditions of nourishment and processes 
of erosion and corrosion. Murray’s explanation of» lagoon 
reefs is that on the windward side the existence of the coral 
colonics is more prosperous, and the reef grows more quickly 
than on the leeward side, whose position is less advantageous 
for the constant renewal of food supplies. The polyps on that 
'side die, and the reef passes through processes of decay; the 
excavation of the saucer-shaped lagoon is due to the corrosion 
of the reef limestone by sea-water strongly impregnated with 
carbonic acid, and also to the erosive activity of the high tides. 

Another important point in which Murray differs from the 
results attained by Darwin and Dana is the thickness of coral 
reefs. Pie shows from numerous soundings taken along the 
outer edge of atolls and barriers, that the reef-wall is precipitous 
only to a depth of about 200 feet; below that there is a talus 
slope occupied by broken blocks of coral limestbne to depths 
of about 1000 feet; and fragments of volcanic material begin 
to occur at still greater depths. 

In the Salomon Isles Guppy found older coral reefs that 
had been elevated to heights of more than 900 feet, but the 
reefs were not more than 130 feet thick. 

In general, it may be said that most scientific authorities on 
coral reefs at the present day no longer accept Darwin’s theory 
of widespread subsidence as applicable to the American and 
Australian reefs, or to those of the Red Sea. On the other 
hand, subsidence seems to be the most satisfactory explanation 
of many atolls in the Pacific Ocean. Clearly the critical test 
for subsidence is the thickness of a reef. The borings under- 
taken at the Ellice Isles, under the guidance of Professor Sollas 
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in 1896, bad unfortunately to be gi^en up on account of disasters 
to the instruments. The expedition sent out from Sydney 
University to the Funafuti Atoll under Professor Davis in 1897 
was more successful, and the pieliminary reports state that the 
borer passed through 643 feet of reef limestone without reaching 
the fundamental rock. But until the bore samples have been 
examined microscopically no opinion can be formed regarding 
the true nature of tke limestone. Professor Agassiz visited the 
Fiji group in 1897, and observe^ massive coral reefs more than 
600 feet thick in several of the islands. As these reefs had been 
elevated, Agassiz points out that the Pacific Ocean in the 
vicinity of the Fiji Isles cannot be at present undergoing the 
movement of subsidence assumed by Darwin and Dana, but 
rather a movement of elevation, although these massive coral 
reefs m*ist have been formed during some foregoing period of 
subsidence. 

Some of the* most remarkable products of organic activity 
are the hydrocarbon compounds which, in the form of asphalt, 
naphtha, petroleum, impregnate sedimentary rocks belonging 
to different geological ages. Fluid petroleum is usually 
accompanied by greater or less quantities of infiammable%gases, 
while these may be absent in the rocks impregnated with 
asphalt or other solid bitumen. Petroleum and naphtha 
occur exclusively in deposits from salt-water, and very 
commonly in loose sandy strata or in porous dolomitic and 
calcareous rocks where these repose upon, and are succeeded 
by, impervious shales. 

In Pennsylvania, Ohio, and Indiana, certain horizons of 
the Silurian *and Devonian formations contain enormous 
quantities of petroleum and inflammable gases ; the naphtha and 
petroleum wells at Baku on the Caspian Sea, and at Grosny on 
the north side of the Caucasus, Sre apparently inexhaustible ; 
and in Further India the so-called Rangoon oil has been 
found in quantity. The Caspian, Caucasian, Roumanian 
and Galician petroleum occurs in sandy strata of Oligocene 
age; both here and in Pennsylvania the oil is always in 
greatest abundance at the crests of crust anticlines. 

During the last forty years geologists have rapidly advanced 
our knowledge of the occurrences of these natural oils, l^ut it 
has been less easy to explain the process of their manufacture 
in nature over extensive areas. Berthelot, the chemist, 
suggested (1866) that they were produced when water with 
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carbonic acid m solution ^ame in contact with the alkali 
metals. MendelejefF likewise believes in the action of 
subterranean water upon certain iron ores and metallic carbides 
at high temperatures. But these theories have not been 
accepted by geologists, as they are not in h£w:mony with the 
occurrences of the oil All other hypotheses consider the 
decay* of organic substance essential to the production of 
the series of mineral oils. Bischof in hi» Chemical Geology 
derives asphalt and petroleiim from the slow decay of 
vegetable matter, an explanation which he bases upon the 
frequent occurrence of marsh-gas in peat-mosses. Quenstedt 
thinks the impregnating oil in the Swabian shales has been 
originated by the decomposition of fishes and other animal 
organisms interred in the shales. A similar explanation is 
given by Sterry Hunt for the petroleum oils in North America. 
While Quenstedt and Hunt regard the oil as produced m sUu 
in the strata containing the decaying organisms, many 
geologists hold the opinion that the hydro-carbonaceous 
products of decay collect in the stratigraphical horizons above 
those which actually contain the decaying material 

Enfler tried experimentally to distil fish-train oils ; under a 
pressure of 20 to 25 atmospheres, and at a temperature of 
365® to 420°, a distillate is procured which approaches the 
characters of the natural Pennsylvanian petroleum, and, as 
Heusler has shown, after treatment with aluminium chloride, 
is identical with it. 

Ochsenius argues that the mineral oils have been prepared pre- 
eminently in shallow estuaries where animal remains and algae 
have undergone decomposition in salt-water colitaining a rich 
supply of chlorides, more particularly magnesium chloride. 

It has been observed by Andrussow, Natterer, and Barrois, 
that petroleum in minute quantity bubbles up to the surface of 
the water and mud in the Kara Boghaz on the shores of the 
Caspian Sea, in Bitter Lakes of the Isthmus of Suez, and 
in the desiccating saline basins of Brittany, all of these being 
localities where considerable accumulations of animal remains 
and plant detritus collect. 

Volcanoes . — The controversy between Neptunists and 
Volcanists, which had still continued keenly in Germany 
during the early years of the nineteenth century, relaxed 
after the desertion of Alexander von Humboldt and Leopold 
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von Buch from the- ‘ranks of extijpme Wernerians. Nowhere 
was the. re-action in favour of accurate investigation of vol- 
canoes keener than in Germany, where Werner’s remarkable 
‘influence had so long retarded progress in this important 
branch of teaching. Von Humboldt’s works (p. 66) gave 
the first broad conceptions of the arrangement and distribution 
of volcanoeg on the earth’s surface. From the cbaracferistic 
arrangement of volcanoes either as groups or in long series, 
from their occurrence in all partg of the globe, and from their 
frequent association with earthquakes, Humboldt concluded 
that the cause* of volcanic phenomena could not be local, 
but must bear some relation to the constitution of the earth’s 
interior. The serial arrangement of volcanoes led him to 
believe * that the volcanic vents were disposed upon crust- 
fractures* which extended to very great depths. 

Leopold von Buch’s visit to Auvergne in 1802 convinced 
this geologist that the volcanic phenomena of that neigh- 
bourhood could only have been produced by some general 
cause associated with the earth’s internal heat. It was on 
this occasion also that Leopold von Buch formed his first 
crude conception of the theory which, under the nagie of 
Elevation-Crater ” theory, was destined to become notorious 
in geological controversy of the nineteenth century. At this 
time, however, Buch merely mentioned a central elevation of 
the Mont d’Or range caused by subterranean forces. 

Von Buch’s treatise. On the Geognostic Relations of the Trap 
Porphyry (1813), contains a careful account of the occurrence 
and mineral constitution of rocks belonging to the trachyte 
scries. The central elevation, which he had assumed for the 
Mont d’Or and Cantal area, is in this work applied to other 
volcanic regions, for example to the Santorin Island, to the 
trachyte mountains of Hungary, r?hd to the South American 
Cordilleras, and a distinction is drawn between true volcanoes 
and mountain-systems representing dome-like crust elevations 
pushed up by subterranean forces. 

Accompanied by the Norwegian botanist, Christian Smith, 
in the summer and autumn of 1815, Von Buch explored the 
Canary Islands, the Palma Islands, and on the return voyage 
visited the Lancerote Island. The result of this journey was 
published independently by Buch, as Christian Smith dieS in 
the following year on the Congo river, where he had gone with 
Tuckey’s Expedition. Von Buch’s descriptive monograph of 
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the Canary Islands is full information for the geographer, 
meteorologist, botanist, and geologist The chapter on the 
geological relations is a model of skilful and methodical 
exposition. The form, the structure, the composition and 
origin of the different islands, the constitution of the rocks 
and volcanic ejecta, are depicted in a manner at once 
attractive and scientific, and the context is illustrated by 
topographical maps of Tencriffe, Palma, and Lancerote, 
prepared exclusively from s^irveys and drawings made by 
Von Buch. At the Peak of Tencriffe and in the wonderful 
basin-shaped depressions (‘^Calderen ”) in Palma and Canaria, 
Von Buch found new evidences of volcanic elevations. And 
from this time forward the “ Elevation Crater became one of 
his pet theories. 

The first public enunciation of the theory was giveii by Von 
Buch on the 28th May, 1819, in the Berlin Academy. He 
defined true volcanoes as solitary, conical mountains almost 
always composed of trap-porphyry (trachyte), and from which 
fire, vapour, and stone are emitted. They are surrounded by 
molten rock or ashy material which flows downward in the 
form^f streams. Typical volcanoes are distinguished by Von 
Buch’s theory from larger basaltic masses which after emission 
have been uplifted around the areas of volcanicity. These vol- 
canic uplifts were said to be characterised by the absence of 
lava streams or of accumulations of rapilli round a central 
area, and likewise by the predominance of basaltic over 
trachytic rocks. The basaltic masses are inclined similarly to 
sedimentary strata in any upheaved area ascending from every 
side towards a great central cauldro 7 i^ or craftr of elevation. 
This crater might be afterwards closed by the collapse of the 
upheaved rocks, and might be opened intermittently by fresh 
volcanic ebullitions from b^ow. 

Von Buch then argued that the force required to create 
such a crust-disturbance must be enormous, and must repre- 
sent the prolonged accumulation of a store of energy in the 
earth’s interior. The expansive force of the heated lava first 
bulging the rocks upward like a blister or dome, might go on 
increasing until it rent them asunder and provided an outlet 
for, the ascending vapours. No true volcano formed unless, 
as frequently happened, a central cone of ejected material 
gathered within the crater of elevation. 

The upper basaltic layers of the crater of elevation might, 
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Von Buch allowed, have flowed mto their present position, 
But not supeificially like the lava streams of an active volcano, 
only below the surface and under great pressuic. The more 
important points in Von Biich^s chain of evidence were the 
occurrellce of cotirse-grained crystalline rocks in the bottom 
of the Palma cauldron, the general arrangement of the strata 
sloping away«from the central crater and penetrated by numer- 
ous dykes, and the' presence of deep ravines (Barrancos), 
which he regarded as eruptive Assures on the outer side of 
the crater of elevation. Von Buch thought craters of elevation 
were very numerously distributed; some of them originally 
embracing a central volcanic cone, for example, the island of 
Bourbon; others, such as those of Auvergne, the Siebenge- 
blrge near Bonn, the Lipari Isles, Etna and the American 
Cordillera, being trachytic dome-shaped mountains situated 
above the fissures of elevation, and either remaining intact at 
their summit or providing themselves with orifices of ejection. 

Von Buch sub-divided all the volcanoes on the earth's sur- 
face into two classes — central and serial The former, accord- 
ing to Von Buch, are located centrally with reference to a 
large number of outbreaks radiating in all directions the 
latter mark the position of long crust-fissures, and either form 
the highest ridge of a terrestrial mountain-system, or if the 
volcanic fissure be submarine, the highest summits emerge as 
islands above the ocean. 

While Von Buch in his theory tacitly accepted Hutton's 
principle, that the upheaval of the solid rocks was due to the 
expansive force^of subterranean heat, he re-cast this doctrine 
into the particular form required to explain his own con- 
ceptions of volcanicity. He formed the erroneous idea that 
the inclination of the basalts aroi^id a volcanic vent could 
only be due directly or indirectly to crust-elevation, and this 
view shipwrecked a theory which otherwise embodied some 
valuable generalisations. Adapting his theory to the termin- 
ology of the present day, Von Buch's conception of a Central 
elevation-ciater " represented a local exhibition of crust-expan- 
sion accompanied by a local inrush of molten and gaseous 
material towards a centre of crust-weakness, and the escape of 
the same at a central vent; Von Buch's Serial elevation- 
craters" represented the results of a regional exhibition of 
the expansive forces due to internal heat, and regional admis- 
sion of molten rock and gaseous \ apours into zones and areas 

17 
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of weakness. His descripfion of basaltic inflows into sub- 
terranean cavities formed by crust-expansion and elevation 
anticipated later conceptions of iaccolitic occurrences of 
volcanic material. 

before Von lUich had completed his worl? on the Canary 
Islands for publicatioiij the Englishman, Dr. Daubeny (1819), 
published a tabulated summary of active volcanoes, together 
with an enumeiation of all volcanic and eafthquake phenomena 
reported within historic time^'. In 1824 the second volume 
of Carl von Hoff’s work appeared, and it embraced an ex- 
haustive account of surface changes associateci with volcanic 
outbreaks and earthquake shocks. Von Hoff followed the 
opinions of bis compatriots, Humboldt and Buch, on all ques- 
tions regarding the origin and destruction of volcanoes, 

A series of careful researches was carried out in th^ volcanic 
areas of the Rhine Province by Johann Steininger, a teacher in 
the Treves public school. Steininger established the differ- 
ence between the volcanic rocks of the Eifel district and the 
trap-porphyry rocks (melaphyre, porphyrite, palatinite) of the 
district of Oldenburg and the Palatinate. Both were regarded by 
Steininger as submarine in origin, but he referred the eruptions 
to quite different geological ages. He pointed out that a 
characteristic feature of the Eifel volcanoes was the frequent 
occurrence of lava and volcanic slag and ash without any sign 
of an orifice or eruption. The volcanoes of the Lower Rhine 
district, especially the Siebengebirge, near Bonn, were explained 
as upraised conical mountains in which the volcanic material 
seldom escaped at the surface. In his Conirihuiions io the 
History of the Rhineland Volcanoes, published in 1821, 
Steininger proved that, a certain number of the volcanoes, 
chiefly those on the right jDank of the Rhine, had originated 
contemporaneously with the formation of the brown-coal 
deposits (Tertiary), and were therefore older than the pebble 
and clay deposits with fossil mammalian bones (mammoth, 
rhinoceros); but, he added, the products of the youngest 
volcanoes on the left bank of the Rhine seemed to be dis- 
tributed above these pebble-beds, and might accordingly 
belong to historic times. The idea of the quite recent occur- 
rerTce of those volcanoes originated from a mistaken reading 
of a reference made to the volcanoes of this area by Tacitus. 

In his earlier writings Steininger was under the influ- 
ence of Von Buch’s theory of elevation-craters, but his close 



DYNAMICAL GEOLOGY. 


259 


acquaintance with the mode of« occurrence of the volcanic 
rocks in Rhineland enabled him gradually to form bis own 
judgments, and these were unfavourable to Von Buch’s 
theory. A visit to Auvergne, Mont d’Or, and tlie Cantal moun- 
tains still further shook his confidence in it. He examined 
the basaltic rocks above the Tertiary fresh-water limestone 
of Liraagn^ and felt convinced that these could not have 
been bulged up as' solid rock from the ocean-fioor, but must 
have flowed into their present position superficially as a lava. 
Again, he could see no evidence in favour of Von Buch’s 
hypothesis that the ravines of the Cantal represent eruptive 
fissures formed during upheaval, but rather believed them 
to be ordinary erosion valleys. Steininger, however, con- 
tinued to retain Von Buch’s theory of volcanic upheaval as 
applicable to the particular cases of isolated conical hills 
composed of domite or trachyte rock. 

The strongest opponents of Von Buch’s theory were, however, 
Poulett-Scrope,^ Charles Lyell, and Constant Provost. 

In 1816-17, Poulett-Scrope, as a young student, had the 
opportunity of observing the volcanic surroundings of Naples, 
and this gave the impulse to his scientific studies'? He 
returned in 1818, 1819, and 1822 to Southern Italy, and 
visited Vesuvius, Etna, the Lipari Isles, the neighbourhood 
of Rome, and the Euganian Isles. In 1821 he spent several 
months in the Auvergne district, and in 1823 he made him- 
self acquainted with the Rhineland and Eifel volcanoes 
described by Steininger. 

In 1825 h<^ published his famous work on Volcanoes, and 
in 1826 his excellent monograph of the extinct volcanoes in 
Central France. Poulett-Scrope’s works have held their 
position as the basis of volcanic Reaching. Like Hutton and 
his own contemporary, Charles Lyell, he was a Uniformitarian, 
and tried to explain the events of past geological ages by the 
action of forces which exist. 

Observing the enormous expansive force of the aqueous 

1 George Poulett-Scrope was born in 1797 in London, the son of a rich 
merchant, J. Poulett Thomson ; he studied in Cambridge under Professor 
Sedgwick, and assumed the name of Sciope after his marriage with the 
heiress of the old Scrope family. He became a Member of Parham^it in 
1833, and afterwards devoted himself mainly to political activity, but did 
not neglect his studies on volcanoes. In 1867 the Geological Society 
conferred the Wollaston medal on him. He died at Fairlawn, Surrey, in 
January 1875. 
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vapour and gases which estaped from a lava stream at the 
surface, Scrope formed the opinion that eruptive phenomena 
might be traced to the mobility of the lava. According to his 
observations, lava, as it issues from a volcanic vent, very 
seldom has the appearance with which we are familiar in a hot 
mass of iron or glass, but is usually in a viscid, seething 
condition, impregnated with elastic vapours, and enclosing 
many crystallites which move freely in the surrounding fluid 
in virtue of the passage of the vapours through it. As the 
vapours explode and escape, the motion of the mineral 
constituents is impeded and the lava solfdifies. Scrope 
applied this theory to subterranean lava. He supposes a fused 
rock-mass saturated with water, under pressure of super- 
incumbent solid rock ; then the pressure being the same and 
the temperature raised, or the temperature being the sS;me and 
the pressure relaxed, the water will pass into the condition of 
vapour, and a certain amount of heat be made latent The 
crystalline constituents of this subterranean magma are 
separated by the elastic vapour, the lava swells and passes into 
a fluid condition. The degree of liquidity in the whole mass 
was thought by Mr. Scrope to depend chiefly on the weight of 
the mineral constituents and the fineness of the crystals. If 
the subterranean lava be horizontally extended, the compressed 
vapours, in trying to escape, press the lava against the upper 
strata, cause earthquakes, and finally fissures into which the 
seething lava flows. If the fissures widen towards the interior 
of the earth, the rising lava forms dykes, and as these narrow 
towards the earth’s surface, they strengthen th^ crust ; but if, 
on the other hand, the fissures are wider in the upper horizons 
of the crust than in the lower, they remain partially open, and 
form relatively weak parts iiq, the earth’s crust, readily liable to 
renewed eruptions. 

Scrope endeavoured to explain all the phenomena associated 
with volcanic eruptions upon the basis of the above theory. 
In favour of it, he noted the periodicity in eruptive activity; 
how after each eruption, when presumably the fissures have 
been blocked with rock-material, a period of rest ensues, but 
when the vapours have once more accumulated in the deep 
volcanic magma, the old vent again bursts open or a new 
orifice forms. In the case of land volcanoes, the ejected 
products of successive outbursts surround these orifices with 
the characteristic circular or elliptical form. The particular 



DYNAMICAL GEOLOGY. 


261 

form of the volcano is deternfmed by several causes, for 
example, the inequality of the ground, violent winds during 
eruption, or any obstacles within the vent which may impede 
the ascent of the lava, or direct it into another course. 
Stratification is apparent in the structuie of the cone of 
ejection ; it is especially clear when there is an alternsption of 
lava and tolcanic^ ash. The inclination of the layers of 
volcanic rock is always from the edge of the crater to the base 
of the cone. The liquidity *of the lava depends on its 
composition, texture, and temperature, and according to these 
and to the superficial relations, the solidified lava assumes the 
form of horizontal sheets, thick masses, or dome-shaped cones. 
During the cooling of the lava the escape of the vapours gives 
origin to the slaggy, vesicular structure of the lava ; the 
liberation of the gases from the lava produces all kinds of 
minerals, and may take place either in association with 
escaping vapours as fumaroles,^’ or independently as gaseous 
emanations or ‘‘ solfataras ” ; sometimes the gases collect from 
hot springs, of they vanish as exhalations. Pillar-shaped, 
rounded, cubical, rhomboidal, flaggy or shaly structure 
develops in consequence of the contraction of the lava 
during the processes of cooling. 

As one and the same volcano may emit basaltic and trachytic 
lavas, Scrope thought it probable that all volcanic products 
come from the same subterranean magma, and that their 
specific difference is due to some condition connected with 
the access of heat and the subsequent chemical processes 
during their ssscent. Poulett-Scrope opposed the conception 
of Humboldt and Euch, that trachyte and basalt rocks are of 
different ages. The larger volcanic mountains, he said, clearly ^ 
owe their origin and form to repeated eruptions ; the original 
cones of ejection are rent by later outbreaks, and the repeated 
outpourings and injections of lava still help to strengthen 
the mountain. In the summit crater, for the most part only 
vapours escape, together with the blocks and fragments which 
are carried up by the explosions. Very wide and deep craters 
form during the violent paroxysms of a volcano ; by means of 
the subsequent eruptions new cones of ejection may arise 
within this deep crater, and be surrounded by the circular 
wall of the old crater ; or the wall of the old crater may be 
disturbed and partially destroyed by a new crater (Somma). 

Sciope strongly contested the existence of craters of elevation, 
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and he ascribed the domal form of the trachyte mountains not 
to the swelling up of homogeneous masses, but to successive 
outbreaks of viscid lava streams. Neither did he draw any 
fundamental distinction between volcanic eruptions on land 
and those on the ocean-floor. Cones of erupted material form 
in the" case of submarine as well as continental volcanoes, 
but owing to the distribution of the material by water, the 
layers of volcanic rock are less highly inclined and generally 
of tufaceous character. Some submarine volcanoes have their 
cones of ejection built up by repeated additk>ns until they 
rise above the surface ; others (e.g.^ tie de France, Teneriffe, 
Palma, the Coral Islands in the Pacific Ocean) may, in Scrope’s 
opinion, have been arched to their present position by the 
subtcrianean forces of heat. The difference between the 
‘‘craters of elevation’’ of Von Buch and the uplifted islands 
of Scrope is that the former are supposed to have received 
their characteristic form and their crater, independently of any 
accompanying phenomena of eruption, merely by the upward 
swelling and fracture of the crust, whereas Scrope thinks the 
elevati^d submarine islands of volcanic rock are in ^11 cases 
originally cones of erupted rock-material accumulated super- 
ficially round an orifice, and afterwards upraised as a whole. 

Von Buch’s “ Serial Volcanoes ” are explained similarly by 
Scrope as volcanic cones which participated in a crust-uplift. 
All volcanoes, according to him, occur upon crust-fissures , 
some eruptive vents are permanently closed, and others 
continue to remain in communication with the earth’s 
interior, and are the scene of periodic eruptions. These 
open vents, by affording a ready passage for subterranean 
lava, vapours, and gases, serve to protect the neighbourhood 
from earthquakes. Scrop^ attached little tectonic import- 
ance to the elevations at volcanic fissures, regarding them as 
quite local in effect, and having no immediate connection with 
the regional crust-movements which elevate continents and 
mountain-systems. 

The above are the leading doctrines of volcanicity taught 
by Scrope, and they may be said to have laid the first secure 
foundation of present conceptions of eruptive phenomena. 
The chief merit of Scrope’s work consists in the convincing 
demonstration it gives of the origin and composition of vol- 
canoes, in the disproof of the Elevation-Crater theory, and in 
the description of a superheated subterranean magma saturated 
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with water-substance, and brought? to the surface in virtue of 
the expansive force of escaping vapours and gases. 

Sir Charles Lyell held views very similar to those of 
Poulett-Scrope. His observations in the Auvergne, and at 
Vesuvius and Etna, had convinced him of the mistaken 
principles in the Elevation-Crater theoiy. He made the 
pertinent objection that one of the “craters of elevation” 
mentioned by Von' Buch was entirely composed of marine 
or littoral sediments ; and he explained the enormous 
“cauldrons” of Palma, Gran Canaria, Bourbon, etc., as 
craters due to volcanic explosion ; and the circular walls of the 
Somma, the Peak of Teneriffe, Etna, etc., as the remainder 
of old crater walls. In common with Poulett-Scrope, Lyell 
ascribed the conical form of most volcanoes to the accumu- 
lation oT volcanic products round a vent, and he accepted 
Scrope’s view that volcanic eruptions were originated by the 
explosive disengagement of the compressed vapours and gases 
from subterranean magma. His wider geological experience, 
however, led him to the further conclusion that the water- 
substance dissolved in the magma had been introduced into 
it by percolation downward from the surface, and thft the 
chaiacteristic occurrence of serial volcanoes on the sea-board 
betokened direct influence of the sea-water upon the sub- 
terranean magma. 

Dr. Charles Daubeny’s Description of Active and Extinct 
Volcanoes^ etc, (1826), although less full of original matter 
than the works of Scrope and Lyell on kindred subjects, 
was distinguished by greater chemical and mineralogical 
knowledge. His treatment of European volcanoes is based 
for the most part on his own field investigations of the various 
localities, and careful laboratory r^earch of the volcanic rocks. 
Daubeny was favourably inclined to Buch’s “ Elevation-Crater” 
theory, and thought that Scrope attached too great importance 
to the expansion of vapours, and too little importance to 
chemical processes in his explanation of volcanic eruption. 

Valuable results of a special study of the Lipari Islands 
wer^ made known in 1832-33 by Friedrich Ploffmann, but the 
complete researches of this gifted writer were first published by 
Von Dechen after Hoffmann’s death, in Karsten’s Archiv fur 
Mineralogies 1839. Hoffmann contended that there was no 
essential difference in point of structure between the craters 
attributed by Von Buch to crust-elevation and fissure, and the 
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craters regarded by him <simply as eruptive orifices. The 
alleged differences resolved themselves into a question of 
comparative dimensions, and these could be explained by the 
varying intensity of the explosive convulsions. 

T’he French Government had sent Coni^taiit Provost, in 
August 1831, to Pantellaria, in order to study the newly- 
formed Graham’s Island, or ile Julia, as 4 he PVench 
Expedition called it. The island vanished in three months, 
and Prevost was one of ther few favoured individuals who 
had succeeded in visiting and making drawings of it. 
After fulfilling this commission, he travelled"' through Sicily, 
climbed Etna, made a stay in the Lipari Islands, and 
finally met Hoffmann and Escher von der Linth in Naples. 
Excursions made in the company of these geologists to 
Vesuvius and the Phlegraean fields brought Trevost’s 
memorable tour to a conclusion. Several accounts of his 
journeys were sent by Prdvost to the Academy of Sciences and 
the Geological Society of l^aris. 

Meantime, in Paris, Elie de Beaumont (1829-30) had 
discussed the Elevation-Crater theory in various publications, 
and tiad given it strong support ; and when Prevost in his 
first report on the Island of Julia to the Academy ventured to 
doubt the theory, and in September 1832, in a second report, 
went so far as to openly deny the existence of elevation- 
craters in any volcanic district visited by him, he aroused the 
displeasure of all the leading members of the Academy. Only 
the venerable Cordier, who had seen the Canary Isles, 
expressed agreement with him. In the DecemJ^er of that year 
Prevost won a valuable ally in Virlet, who proved that the 
Santorin group, which had hitherto been included amongst 
elevation-craters, consisted ^vholly of ejected material. 

In the following years controversy became as keen in the 
discussion of Buch’s theory as it had been in Werner’s time 
over the discussion of the volcanic or aqueous origin of basalt. 
Annoyed by the attacks on his favourite theory, Buch 
undertook, in the autumn of 1834, another journey to Italy 
along with Link, Elie de Beaumont, and Dufrenoy. New 
evidences were collected, and his views were afterwards 
pronounced even more fiimly. ‘‘Craters of Elevation are,” he 
wrote, “remnants of a powerful manifestation of energy from 
the earth’s interior, which is capable of uplifting large islands 
many square miles in breadth to a considerable elevation. 
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No plienomena of eruption proceed from them ; no volcanic 
event connects them with the earth's interior; and only 
seldom is there any evidence of continued volcanic activity 
within such craters, or in their neighbourhood.” 

The chief argument insisted upon by Buch was the high 
inclination of the lava flows, which he thought proved that they 
had been uplifted after their emission. He never accepted 
Scrope’s explanation'that the streams of red-liot magma could 
solidify in this position. Elie da Beaumont examined Etna, 
and, after accurate measurements of the angle of inclination, 
likewise refutecf the possibility of solidification in situ. He 
allowed rather more significance than Von Buch to the 
accumulation of ejected scoriae and debris^ but held upheaval 
for the most important factor in the formation of a volcanic 
cone. Wilhelm Abich and Sainte-Claire Deville were amongst 
the more able supporters of the Elevation -Crater theory; 
Abich in his illustrative work on Vesuvius and Etna (1836), and 
Deville in his description of the Eruption of Vesuvius in 1855. 

Von Buch’s « theory was now thought to have been 
successfully defended, and was accepted in the standard text- 
books, in the monographs of Daubeny and Landgreb^ and 
above all in the Cosmos of Humboldt. But the three chief 
antagonists of the theory, Constant Prevost, Lyell, and Poulett- 
Scrope, continued to publish their own views, and in tw^o 
masterly polemical papers in the Quarterly Joiirnal of the 
Geological Society of London (1856 and 1859), Scrope was able 
to endorse the opinions he had formed thirty years earlier, 
and to demonstrate the origin of volcanic cones from ejected 
material in a manner absolutely convincing. 

During the following decade, corroborative evidence in 
the same direction rapidly gathered in geological literature 
Dr. George Hartung, who had been with Sir Charles Lyell in 
the Canary Islands, and had also made a number of 
observations in Madeira and the Azores Islands, openly 
disputed Von Buch’s views in Germany, and said that the 
present shape of the large ‘‘cauldrons” in Palma and Gran 
Canaria had been piodiiced by erosion. Dana’s investigations 
in the Sandwich Isles and Junghuhn’s excellent descriptions 
of the volcanoes in Java added further records of volcanic 
cones built up by ejected material; and Fouque in 1866 
arrived at the conclusion that in the case of the Santorin 
Islands Buch’s theory could not' be applied. Thus the 
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hypothesis of Elevation-Craters had to be given up, and with it 
the classification of volcanoes into ‘‘True’’ or “Eruptive 
Volcanoes ” and “Craters of Elevation” which had been so 
long associated with the names of Buch and Humboldt. 

Karl von Seebach then proposed a new classification; he 
distinguished as Stratified Volcanoes those which have a crater 
and are composed of layers of lava and loose voloanic ash and 
scorise ; as Homogeneous Volcanoes those which have no crater 
and no loose ejected material but have originated as massive 
effusions and have the form either of volcanic domes or 
horizontal sheets. The homogeneous volcahoes have been 
formed by viscous lavas, the stratified volcanoes by more 
liquid lavas strongly impregnated with vapour and gases. 
This vSub-division into stratified and homogeneous volcanoes 
was adopted in most of the text-books, and was afterwards 
more firmly established by Sir Archibald Geikie and Dr. Reyer. 

It is beyond the scope of this volume to enter into the 
extensive descriptive literature which is occupied chiefly with 
the configuration, composition, geographical distribution, erup- 
tive phenomena, and history of the volcanoes. Humboldt 
publbhed an epitome of all known volcanoes, and the works 
of Hoff, Daubeny, Scrope, and others supplemented the 
earlier lists. 

Vesuvius is the best known volcano in the world, and 
during the prolonged controversy about elevation-craters 
was made more than ever the subject of close attention. 
Monticelli for thirty years, from 1815 to 1845, took observa- 
tions on Vesuvius and its discharges; from 855 to 1892 
Palmieri published regular reports of the observations made 
in the Observatory of this mountain. Angelo Scacchi and 
Gerhard vom Rath examined the minerals of Vesuvius ; the 
lavas were described by Justus Roth, the author of a 
monograph of Mount Vesuvius (1857), and by C. W. C. Fuchs. 
The last-named author also mapped and described the Island 
of Ischia (1872). Within recent years Vesuvius has been con- 
stantly under observation by Johnston La vis and Matteucci, 

The name of Baron Sartorius von Waltershausen is indelibly 
associated with Etna. His geological map (scale, i : 50,000) 
of this volcano appeared in 1861, and his descriptive text was 
published posthumously in 1880 by Lasaulx. The scrupulous 
accuracy and exhaustive details of both map and text amply 
entitle them to their rank as the fundamental work on Etna. 
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Von Waltershausen brings forward 'Evidence to show that the 
first volcanic outbreak on Etna took place during the Diluvial 
period, while that area formed part of the Continent ; whereas 
Pilla, writing in 1845, referred the first Etna eruption to the 
Pliocene age, or* possibly to a still more remote period. 
According to Von Waltershausen, the volcanic eruptions are 
concentrated ’^along |i fissure extending in JN'.N.W.-S.S.E. 
direction ; and the famous Val del Bove is thought by him to 
have originated as a crust-inthrow, and is compared with the 
crust-basins of Sc^mma and Santorin. 

The Lipari Islands have called forth a rich literature. 
Special interest has been accorded to a ringed series of 
islands and reef-rocks surrounding Stromboii on the south. 
Hoffmann in 3832 suggested that these probably represented 
the fragments of a former enormous crater. Professor Judd 
in 1875 confirmed this view, and also agreed with Hoffmann’s 
conclusion that the vents of the volcanic discharges in the 
Lipari Isles virtually occur along the course of three radial 
fissures. Professor Suess expressed a similar opinion that the 
./Eolian Isles mark a saucer-shaped depression in which radial 
faults intersect. ^ 

The Santorin Isles form the subject of a splendidly 
illustrated monograph by Fouque. Since its publication in 
1878, a number of geologists have contributed special papers 
on the surface conformation, the geological structure, the 
origin and history of these volcanic islands. All newer 
publications agree that the theory of the Elevation-Craters is 
quite inapplicable to Santorin. 

The volcanoes of Iceland have been carefully investigated 
during the past century. Mackenzie’s Travels gave the 
earliest detailed reports (iSrr); ij;i 1846, the great chemist 
Robert von Bunsen travelled through Iceland, and published 
five years later his famous treatise on the chemical composition 
and origin of the volcanic rocks of Iceland. Within recent 
years the island has been accurately mapped by members of 
the Norwegian Survey Department, and important contribu- 
tions have been made to the knowledge of its volcanoes by 
Thoroddsen and Keilhack. 

The extinct volcanoes of Europe have received a large share 
of attention from geologists. The Euganian Isles near Padua, 
and Monte Berici near Vicenza, have been studied by Dr. vom 
Rath, Dr. Reyer, and Professor Suess. 
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The extinct volcanoes <^f Central France, the Eifel and the 
Siebengebirge, have been frequently mentioned in the fore- 
going pages. Other favourite themes in geological literature 
are the basalt and trachyte domes of the Westerwald, the 
extensive volcanic district of the Vogelsgcbirge, the' extinct 
volcanoes in the vicinity of Cassel, in the Habichts Forest, 
KauTung Forest, and the Meissner Mountain.*^ As early as 
1790, a mineralogical study of the Meissner was published by 
J. Schaub, and a geological map of this mountain appeared 
in 1817. 

The Rhon has a historical interest for geology, as it was the 
basis of Voigt’s attack on the Neptunistic doctrines of his 
teacher Werner, d'he mode of occurrence of the phonolite 
and basalt bosses in the Rhon convinced Voigt of their 
volcanic origin. The first complete description of Ihe Rh 5 n 
was given in 1866 by C. W. von Giimbel, in whose works on 
Bavarian geology will be found all the important features of 
the ancient centres of volcanicity in the Bavarian Forest. 
Another district exhaustively treated by^ Giimbel is the 
volcanic inthrow of the Ries. The basalt hills and tuff dykes 
of tbe Swabian Alp have been examined by Quenstedt (1869), 
Zirkel (1870), and more recently by W. Branco (1894). 
Professor Branco contests the hypothesis that all volcanoes 
occur upon tectonic fissures and faults. 

In the Hohgau in Baden phonolite and basalt mountains 
rise to a height of nearly 3000 feet. They present for the 
most part the characteristics of homogeneous volcanic rock, 
but are partly accompanied also by masses^ of tuffs.- The 
pretty little volcanic mountain known as the Kaiserstuhl rises 
from the Rhine Plain between the Black Forest and the Vosges 
mountains. Baron von Dietrich in 1774 was the first to 
recognise its volcanic origin. 

The basaltic bosses in Thuringia, Saxony, and Silesia, as well 
as the extinct volcanoes in North Bohemia, Hungary, and 
Transylvania, have been the subject of petrographical papers, 
but have had no marked influence upon general conceptions of 
volcanism. The Kamraerbiihl near Eger has some historical 
interest, and a new paper was published upon it by Prost 
i^JaJirbuch^ 1894). 

The writings on the district of Predazzo and the neighbour 
ing parts of the Fassa Valley and Schlern fill an important 
page in the history of volcanism. In 1819 Count Marzari 
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Pencati had drawn attention to the fact that not far from 
Predazzo, at the waterfall of Canzacoli, true granite covered 
the Alpine limestone and had altered it to marble. Leopold 
von Buch doubted in 1821 the position of the granite above 
the limestone, but»allowed that the granite had pioduced the 
metamorphism of the limestone to marble. Then followed 
Buch’s famous^papers on dolomite, and on the geology oPthe 
Fassa Valley, in which' he on the one hand tried to explain the 
origin of the dolomite by the action of magnesia vapours 
during the eruption of augite porphyry, and on the other hand 
associated the upheaval of the Alps with the outbreaks of 
augite porphyry. 

Buch’s declaration that in South Tyrol lay the key to 
the solution of Alpine geology, attracted geologists from all 
countries to this neighbourhood. The “Triassic granite” and 
Monzoni syenite, with their wonderful array of contact 
minerals, the dykes and massive sheets of augite porphyry, 
melaphyre and liebenerite porphyry, were described by several 
geologists. In i'8;24 PouletLScrope, Studer, and Ami Bou6 
visited Predazzo; in 1843 Von Klipstein published his obser- 
vations on the Fleims and Fassa Valley; in 1855 the hj'or- 
wegian mineralogist, Kjerulf, published his accurate mineral- 
ogical and chemical investigation of the Monzoni syenite. 

Baron von Richthofen’s monograph, published in i860, still 
forms the best foundation for the geology of South Tyrol. 
He determined a definite succession in the Triassic eruptive 
rocks — first the basic series, augite, porphyrite, monzonite, and 
hypersthenite, ttj^en flows of lava, or the infilling of fissures by 
tourmaline granite, melaphyre, and liebenerite porphyry. 
Three years later Bernhardt von Cotta’s paper appeared on 
the intrusions and ramifications of the Monzoni syenite into 
the limestone, on contact mineral^ and on the melaphyre 
dykes in the limestone and dolomite, Lapparent in 1864 
sub-divided the eruptive rocks of the neighbourhood into a 
basic and an acid group, without entering into the particular 
succession, but Doelter’s petrographical studies led him to 
much the same conclusion about the succession as Richthofen 
had formed. Reyer, on the other hand, thought that granite 
and then syenite had been intruded during the Muschelk^lk 
period; monzonite, porphyrite, and andesite had followed ; 
but in his opinion the same eruptive series had been re- 
peated in various geological epochs. Mojsisovics’ work, The 
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Dolo?nite Reefs of Sout/^ Tyrol^ supplies a comprehensive 
account of this district, and forms the text to the Austrian 
Geological Survey Maps. 

More recently the Norwegian geologist, Professor Broegger, 
has drawn a comparison between the rocks pf the South Tyrol 
eruptive area and those of the Christiania area. He deinon- 
straCfesthat Richthofen’s “ Melaphyre” of the Mulatto mountain 
is not younger \)ut older than the tourmaline granite, and that 
altogether the basic eruptions of augite, porphyrite, plagioclase 
porphyrite, and melaphyres in the Fassa Valley for the most 
part preceded the intrusion of the granite. Only a few ultra- 
basic dykes which penetrate the granite at Predazzo are younger 
than it. Broegger arrives at the conclusion that granite, 
monzonite, hypersthenite are only the deep-seated equivalents 
of the Triassic outflows of porphyrites and melaphyres; and 
his comparison of the Predazzo and Chiistiania areas leads him 
to assign a Triassic age to the granite masses at Brixen, and to 
the tonalite, adamellite, and banatite of the Riesenferner group, 
the Adamello group, and Cima d’Asta. 

The extinct volcanoes of the Western Isles of Scotland 
wer# first described by MacCulloch {anie^ p. 113). Ami Bou6, 
in his Geological Essay 07 i Scotland (1820), distinguished very 
exactly between basaltic sheets and dykes, and described the 
various volcanic rocks petrographically. Although a student 
of Jameson, he attached himself to Hutton’s party in regard to 
the origin of basalt, phonolite, trachyte, porphyry, and granite. 

L. A. Necker, the grandson of the great Saussure, travelled 
in Scotland and the Western Hebrides in 1823^ but his account 
of his journey contained little that was new. The observations 
of Von Oeynhausen and Von Dechen, published in Karsten’s 
Archiv in 1826, were of some importance for the geology of 
Skye, Eigg, and Arran. 

In 1850, the Duke of Argyle discovered in the Island of 
Mull sedimentary beds with flint nodules belonging to the 
Cretaceous series, and fossil remains of dicotyledonous plants 
between basaltic flows. The fossils were determined by 
Edward Forbes to be of Tertiary age; nevertheless the same 
author referred the basalts of Skye to the Jurassic epoch. 
In,. 1861, Sir Archibald Geikie began that brilliant series of 
researches which extended over a period of thirty-five years, 
and made the Western Isles of Scotland a classical area for 
the study of extinct volcanoes. 
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Geikie at first agreed with Edward Forbes as to the geolo- 
gical age of the basaltic flows in Slcye, but further researches 
led him to form another conclusion, and in 1867 he wrote that 
all the eruptions of basalt in the Western and the Faroe Isles, 
as well as those Iceland, had taken place during the Tertiary 
epoch, and that the individual outbreaks had been separated 
by long inte];vals of time, during which fresh-water deposits, 
conglomerates, and ^even thin coal-seams hid accumulated. 
The volcanic flows covered considerable areas and solidified 
quickly into compact basalt, sometimes to spheroidal or 
columnar basalt? Forbes had already expressed the opinion 
that in Scotland it was not a question of submarine but of sub- 
aerial eruptions, and Sir Archibald Geikie confirmed this view. 

While Geikie was still engaged in his field investigations, 
Professo^ Judd published a paper on the extinct volcanoes of 
the Scottish Highlands, in which he tried to prove that the 
volcanic outbursts had proceeded from five great central 
volcanoes. Judd supposes three periods of eruption, the first 
characterised only by acid rocks (felspathic lavas and granite), 
the second by basalt and basaltic tuff, and the third by the 
formation of sporadic volcanic cones of various constiti^ition. 
Geikie contested these view^s in a series of papers whose con- 
tents are comprised in the second volume of his work, The 
Ancient Volcanoes of Great Briiam^ published in 1897. 

No basaltic region in the world has been examined and 
described with the same accuracy as the Western Isles of 
Scotland. Sir Archibald Geikie has convincingly proved the 
order of succession of the different contemporaneous flows, 
the age of the various intrusive sheets and dykes, the occur- 
rences of fossiliferous strata interbedded between the contem- 
poraneous basaltic flows, and has also demonstrated the 
presence of ancient necks and in Several places even vestiges 
of original craters on the surface of the older lavas. Through 
his exposition of one of the most involved and puzzling pieces 
of research undertaken in any country, Geikie has thrown new 
light upon the history of extinct volcanic action. In his bands 
this typical district of ancient volcanicity has revealed to the 
geologist many fundamental principles of correlation in the 
subterranean and surface distribution, and in the consolida- 
tion of rock-magmas, which are of the highest significance^ for 
the study of homogeneous volcanic rock. The diverse and 
often marvellously beautiful scenic effects produced in the 
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volcanic rocks by subsequent denudation have been treated 
with no less careful observation and insight 

In the course of his researches, Geikie did not confine 
himself to the Scottish volcanoes of Tertiary age. The first 
volume of his important work treats the old^r volcanic rocks 
of Great Britain from the Pre-Cambrian to the close of the 
Permitin period Geikie does not admit any ess^ential differ- 
ence between oTd and modern volcanoes; and he judges all 
massive outpourings, sills and^ dykes, homogeneous bosses and 
cones, from this standpoint On the one hand, the phenomena 
of past periods are read in the light of recent manifestations 
of volcanic action; and vice versa, the stratigraphical relations 
of the submarine tuffs and massive outbreaks of the Palaeozoic 
era are used to elucidate certain of the recent phenomena 
which are removed from present observation. In this- volume, 
examples are described of typical stratified volcanoes in the 
Silurian and Devonian formations of Wales and Scotland, the 
extensive fissure-eruptions of the Carboniferous epoch in 
Scotland, and the scattered homogeneous domes or tuff-cones 
which took origin in England during the same epoch. In the 
Mesozoic period, Great Britain was marked by almost com- 
plete cessation of volcanic activity. 

The volcanic phenomena of the Far 5 e Islands have been 
investigated by Professor James Geikie (1880), Amund Helland 
(1881), Breon (1884), and Lomas (1895). These islands 
display a close relationship with the northern areas of Great 
Britain. 

Important contributions to our knowledge of volcanicity 
have been made by Dr. Hermann Abich, in his works on the 
geology of the Caucasian areas. The Persian volcano 
Demavend has also been made the subject of geological 
researches, the Austrian geologist. Dr Tietze, having given 
the most recent account in 1878. Reports of the extinct 
volcanoes of Asia Minor appear in several books of travel 
published about the middle of the nineteenth century; the 
volcanoes in the vicinity of the Dead Sea have been examined 
in some detail by Blanckenhorn and Diener. 

In Asia proper, volcanic activity is at present concentrated 
alon^ the eastern coast-line, on the borders of the Pacific 
Ocean. The volcanoes in Kamtschatka, in the Aleutian and 
Kurile Isles, in Japan, Formosa, and the Philippines, have 
been repeatedly described in geographical and geological litera- 
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ture. More special geological papers on the volcanoes of 
Japan have been published by Naumann in Germany, by 
Milne in England, and by Wada and other Japanese authors 
in the scientific literature of Japan. 

Junghuhn’s wdl-illustiated account of the Javanese volcanoes 
holds a distinguished place in the literature, and the pk)neer 
work of inv«stigatiqfi begun by German eisfjforers was ably 
continued by the later communications of Emil Stohr on the 
Idjen-Raun and the Tenggor volcanoes in East Java, and by 
R. D. M. Verbeek, on the volcanic outbursts which culminated 
in the fearful catastrophe of the Krakatoa eruption in 1884. 

India, although imvisited by lecent volcanic action, was the 
scene of colossal outpourings of volcanic matter during the 
Cretaceous epoch. The Geological Survey of India has already 
made known the leading characteristics of the Deccan basalts 
and tuffs which extend throughout a vast territory in the 
heart of India. 

A classical district for volcanic research is the island of 
Hawaii with the two giant-cones Mauna-Loa and Mauna-Kea. 
These were described in 1840 by Professor Dana, and in 
1884 a detailed monograph on the Hawaiian volcanoes* was 
published by Clarence Edward Dutton. Charles Darwin’s 
“Geological Observations on the Volcanic Islands visited 
during the voyage of H.M.S. Beagle” (1844) laid the founda- 
^tion for a new field of volcanic research; and the geological 
results of the Challenger Expedition have contributed materially 
to the scientific knowledge of submarine eruptions. 

The African continental volcanoes, notably the Kamerun in 
the west, the Kilimandjaro and Kenia in the east, and the 
Ruwenzori in the interior, are remarkable for their great size. 
They have been frequently ascended during the last decade, 
and the rocks have been partially investigated, but so far their 
investigation has not contributed much that is new in volcanic 
research. The extensive outpourings of volcanic material in 
Eastern Equatorial Africa are stated to have begun after the 
close of the Jurassic period. 

North America possesses active volcanoes only in the 
extreme north-west, in Alaska and Washington territory. 
These have been described by the geologists of the United 
States; detailed information having already been given of all 
the important areas, Mount Elias in Alaska, Mount Rainier 
(Tacoma) and Mount Hood in the Cascade mountains, and 

18 
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the Mono Valley in East California. The magnificent basalt 
plateau in Oregon and Washington, through which the Columbia 
River has channeled its course, was made known to the 
scientific world by Hayden, and the same geologist described 
for the first time in 1871 the wonderful lava plateau in North- 
WestOTii Wyor^jing, on the banks of the Yellowstone River, 
with geysers, hol^sp^ngs, mud volcanoes, and extinct volcanic 
hills. Since the Yellowstone Paik became in 1872 the 
national property of the Unitbd States, the Geological Survey 
Department has carried on without intei mission the work of 
scientific exploration and detailed research in this region. 
Professor Iddings has described the volcanic rocks of the 
National Park in two memorable reports of the United States 
Survey (1888 and 1889). ^ 

Farther south, the high table-lands of Colorado, ' Arizona, 
and New Mexico display a number of extinct volcanoes 
which have broken through horizontal strata of Palaeozoic age 
and repose upon them as widespread sheets or conical hills. 
The volcanoes in Southern Colorado and ‘in Arizona weie 
described by Powell, Wheeler, King, Gilbert, and others, and 
in 1882 the United States Survey published Dutton^s admir- 
able monograph of the Grand Canon district. 

The Henry mountains, in the greatly denuded region west 
of the Colorado River, will always be memorable in geology 
as the locality of Gilbert’s epoch-making researches on volcanic-^ 
rocks. Gilbert demonstrated there the true nature of certain 
deep-seated intrusions which had made their way mainly along 
the bedding-planes of sedimentary strata, bad '^solidified there 
in cistern-like form, and displaced the surrounding beds by 
their pressure. Such intrusions were termed “laccolites” by 
Gilbert, and in so far as they exert uplifting forces on the strata 
above them, Gilbert’s laccolitic intrusions are reminiscent of 
Yon Buch’s Elevation-Craters. The term of “ laccolite,” 
together with Gilbert’s explanation, is almost universally 
accepted by geologists. Peale, Holmes, and Endlich (1877) 
have shown how, in virtue of denudation and removal of the 
stratified rock-materia1, individual laccolites have been exposed 
superficially as dome shaped bosses of igneous rock. 

Alexander von Humboldt was the first to explore the 
Mexican volcanoes, and the German geologists Felix and Lenk 
published, during the years 1888-91, valuable contributions 
to the geology and paloeontology of Mexico. The volcanoes 
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of Guatemala and San Salvadoi* were described in 1868 by 
M. Dollfuss-Montserrat, and Dr. Sapper has recently been 
engaged on a series of researches in this area. 

There have been comparatively few geological publications 
dealing with ^he volcanoes and volcanic rocks of South 
America since the pioneer works of Humboldt Dr. Alphons 
Stiibel hasj howewer, made a special stu(Jy*of the volcanic 
mountains of Ecuador, and published in Beilin in 1897 a 
special monograph of the district, accompanied by a Geo- 
logical Map. Dr. Stiibel gives a summary of his results in 
the introductory chapter, where he represents his views on 
volcanic phenomena from a general standpoint He thinks 
it probable that in the first stage of the Earth^s cooling, out- 
pourings of magma occurred so frequently, and were of such 
colossal dimensions that the older volcanic material had only 
partially solidified when younger outflows burst forth and 
spread above them. In this way the cooling of the older 
magmas was indefinitely delayed, and they continued as local 
“peripheral” cisterns or reservoirs of volcanic material, occur- 
ring at very small depths below the surface, and extremely 
sensitive to any variation in the surrounding physical con- 
ditions. Dr. Stiibel regards these “peripheral” reservoirs 
as the base of supply from which present volcanoes derive 
their volcanic material, and he correlates the surface extent of 
volcanic groups and the arrangement of the individual erup- 
tive vents or fissures with the original shape and size of the 
respective areas of primitive, uncooled magma. The force 
which enables it to rise again to the surface resides, according 
to Dr. Stiibel, in the magma itself, and the region of the least 
resistance is the path along which the liquid masses find their 
way to the surface. The condi^ons of least resistance, he 
adds, are most commonly met with at the limits of different 
kinds of rock. 

The scientific study of the extinct volcanoes, and especially 
the exact petrographical examination of the products of erup- 
tion, has exerted a marked influence on the theoretical 
explanation of volcanic phenomena. It was only to be ex- 
pected that exact knowledge should finally dispose of many 
fanciful hypotheses, such as those which explained volcanic 
action from the burning of coal-seams or petroleum, the 
decomposition of sulphur metals and other substances, from 
electricity, or the local disengagement of vapours- 
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Wider geographical and geological knowledge has -shown 
the earth’s volcanicity to be a phenomenon of universal occur- 
rence which cannot be explained as a result of occasional local 
catastrophes. 

Descaites had in 1644 suggested that the friction of 
inthro^\;n rock-masses might induce processes of fusion, and 
Franke in 17^^ attributed volcanic outbreaks^ to local 
shearing in the earth's crust More recently, conversion of 
mechanical work into heat was mnade the basis of a hypothesis 
by Volger in his book entitled The Earth and Eier^iity^ 
published in 1857. Volger suggested that both earthquakes 
and volcanoes were caused by partial collapse and inthrow of 
rock-material superincumbent upon subterranean cavities. A 
mechanical theory of a somewhat different character was 
proposed in 1866 by Mohr. He supposes that certain 
deep-lying strata in the earth’s crust have lost their original 
consistency either by means of chemical decomposition or 
from other causes. If these weaker layers be subjected to the 
pressure of a considerable thickness of overlying rock-deposits, 
and if, as in the submarine areas, they have to bear in addition 
the weight of a vast column of water, they may be crushed, 
heated, and even in some cases melted and ejected at lines of 
crust-fissures. Mohr referred more particularly the submarine 
tuffs to this mode of origin. Pfaff wrote in 1871 a paper 
on “Volcanic Phenomena,” in which he opposed Mohr’s theory, 
and said that thermo-dynamic action alone could not generate 
sufficient heat to fuse rock-masses. 

The English physicist, Robert Mallet, made the most 
successful attempt to found a mechanical theory of vol- 
canicity. He assumed that the earth’s crust, in consequence 
of a slow and protracted ^cooling of the globe, is now of 
considerable thickness. During the earth’s cooling the masses 
contracted as they solidified, and their contraction created 
tangential pressures through the crust. According to Mallet’s 
theory, the hotter internal mass of the earth cools and 
contracts more rapidly than the crust, which is in con- 
sequence liable to recurring accidents of incrush and inthrow^ 
Tangential pressure is resolved into vertically-acting forces, 
and folds and corrugates the earth’s crust, forming larger and 
smaller mountain-chains. Fissures develop along the lines of 
greatest weakness in the crust, and it is chiefly at these that 
the rocks give way for long distances and are crushed and 
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crumpled. The work effectecj^ by the compression and 
movement of the rocks is transmuted into heat, and under 
local conditions of concentration of the movements or sudden 
cessation and relief of pressure, the temperature of the crushed 
rocks may arriye at the point of actual fusion. If interstitial 
or descending surface-water be absorbed by the glowing 
rock-masses in sufficient quantity, its conve^on into ^eam at 
any moment of diminished pressure give origin to 

explosive volcanic phenomena at the surface. These are the 
general arguments in Mallet’s theory of volcanicity, which 
was strengthened by the author’s elaborate series of experi- 
mental researches on the stresses required to crush different 
varieties of rock, and the amount of heat that would be 
produced in each case by this mechanical means. 

Mallet’s theory has been contested by Justus Roth in 
Germany and by Poulett-Scrope and Fisher in England. But 
certain ideas in it, such as the steady contraction of the 
earth’s nucleus and its tendency to shrink away from an 
unequally yielding crust, have proved distinctly valuable in the 
consideration of the earth’s physics, and have been variously 
applied by later authors. • 

Most geologists at present look sceptically upon any theory 
which derives volcanic action from the conversion of 
dynamical energy into heat during crust-movements. Present 
opinion associates volcanic phenomena with the primitive 
internal heat of the earth, and supposes rock-magma to be 
embodied ^ in a state of fusion within the earth’s mass. This 
was likewise the broad conception of volcanicity which was 
held by the ancient philosophers, and by Athanasius Kircher, 
Steno, Buffon, Dolomieu, Spallanzani, Faujas de Saint-Fond, 
Von Humboldt, Von Buch, Poulett-Scrope, Daubeny, and 
Lyell 

The actual protrusion ot subterrestrial magmas into the 
earth’s crust or at the surface was attributed by Cordier, 
Constant Prevost, and Dana to the cooling of the earth’s crust 
and the pressure which it therefore exerts upon the nuclear 
mass. Professor Suess has applied the distinctive term of 
“batholite” to an older massive protrusion of magma 
solidified as coarse crystalline rock in the deep horizons ^f the 
crust. In 1888, the same geologist in his famous work, Der 
Antliiz der Erde, discusses the conditions which determine 
the particular form of igneous protrusion, whether as deep- 
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seated batholites, as laccoli|^es intruded at various horizons 
between the sedimentary deposits, as fissure eruptions, or 
volcanic explosions. He summarises his views in the 
following sentences: ‘‘The uppermost peripheral parts of the 
earth’s body are held firmly arched in virtue o^ the tangential 
tensions. Either radial tensions or crust sagging causes a part 
of the earth’s b(>^ to split away from the outer crust towards 
the interior, and ^ large cavity or macula forms more or less 
parallel with the earth’s surface,, lenticular in shape if produced 
mainly by sagging, and wider if due to radial fracture. The 
macula fills with lava,* and if the surface rocks subjected to 
tangential tensions find escape from them in any direction, for 
instance by a folding movement or by the overthrust of 
another mass of rock, then the relieved portion of the arched 
crust which is immediately above the macula sinks inte it and 
lava wells forth at the faults and deeper inthrows ” (/oc, cif., 
voL i., p. 220). 

Dr. Reyer, in his work Theoretische Geologie (1888), 
groups batholites, laccolites, domes (Kuppen)^ and sheets as 
massive eruptions, and distinguishes them from true volcanic 
erupti(^ns associated with fragmentary discharges. At the 
same time he allows that in Mexico, Iceland, and in other 
localities, massive intrusions and outpourings occur in 
combination with typical tuff volcanoes, Reyer contests 
Gilbert’s explanation of laccolites as intrusions following the 
bedding-planes of strata ; he regards them primarily as surface 
protrusions contemporaneous with the sedimentary deposits in 
association with which they occur; and with i;egard to the 
apophyses extending from laccolitic invasions into super- 
incumbent strata, Reyer says they are intrusions altogether 
subsequent to the laccolites. True volcanic mountains must, 
according to Reyer, include tuffs and loose fragmental 
products, but may or may not include lava ; these are piled 
round the orifice and arranged as inclined successive layers. 
The craters are, he thinks, usually the result of explosion ; 
occasionally, however, they arise from inthrow. The larger 
areas of subsidence, on which the volcanic mountains are 
found, appear to have been formed by repeated eruptions. 

It had been recognised by Dolomieu and Spallanzani that 
the violent outbursts from active volcanoes could not be 
entirely due to the pressure of the outer firm envelope of the 
earth upon internal molten material. But, whereas Dolomieu 
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suggested sulphur as the cause of fluxion, Spallanzani believed 
that the expansion of vapours \vas the main cause of the 
explosive phenomena of eruptions, and Humboldt and 
Poulett-Scrope accepted and extended Spallanzani’s view. 
Scrope regarded^ the elastic vapours as oiiginal constituents 
of the earth-magma ; on the other hand, Humboldt contended 
that water had passed down from the surface trough fissures, 
had there^cbme in' contact with the glowi^ magma, been 
converted into steam, and absorbed in the magma. The 
majority of later geologists agree with Humboldt’s explana- 
tion. • 

Humboldt had chiefly in view the descent of sca-water 
through crust-fissures, as the geographical distribution of 
active volcanoes would suggest, but he by no means excluded 
the likelihood that similar results ensue from the percolation 
of meteoric water through the rocks. The obvious diffi- 
culty, pointed out by Humboldt himself, was whether the 
hydrostatic pressure of the descending column of water could 
overcome the resistance of the vapours at high tension in 
the earth’s interfor. Bischof and Daubree have shown that 
surface water may, in virtue of capillarity and the pressure of 
its owm column, descend into the heated depths of the earth. 
Angelot also concluded that the tension of a column of water 
would at any depth be overcome by the pressure of the 
superincumbent masses of water; in his o-pinion, the ocean 
is the source of the vapours dissolved in deep-seated magma. 
And Bischof shows that not only water-vapour but also 
carbonic acid, hydrochloric acid, and other gases imprisoned 
in rock-magma play a considerable part in eruption. 

In more recent geological writings, Reyer has investigated 
the question of supply in reference to the constituents of 
molten magmas, and his conclusions are in agreement with 
those of Angelot, Fourier, and Poulett-Scrope. According to 
Reyer, at the formation of the earth, not only vapour of water, 
but many other gases and liquids were intermixed with the 
material matter of the earth, and these have been preserved in 
it. The continual separation of the less fusible parts from the 
magma is always accompanied by the escape of gases. These 
are absorbed by the liquids with which the magmas are 
soaked, and owing to a relief of superincumbent pressure^ the 
liquids may at any time vaporise and the magma may be 
expelled towards the surface in fluid condition. Experiments 
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were made by Hochstettgr, Suess, and Reyer on molten 
sulphur and other substances which absorb gases in large 
quantities, and during the process of cooling from the molten 
condition, the escape of the gases was accompanied by 
explosive phenomena. Under certain circupistances, at the 
places of explosion conical-shaped masses formed resembling 
those t>f volcani^mountains, 

F. Earthquakes, — Earthcpiakcs may arise in the solid crust 
or in still deeper horizons of the earth. They accompany all 
the more violent eruptions, but they may tj?ke place quite 
independently of volcanic phenomena. Records of earth- 
quakes have been handed down from the earliest times, but 
the classical and mediaeval writers confined themselves to the 
descriptions of the leading natural phenomena, €md the 
catastrophes and terrifying effects produced by earthquakes on 
people and animals ^ 

Scientific research of earth-tremors may be said to have com- 
menced in the beginning of the eighteenth century, and had 
already progressed so far that Floff was able to compile an ex- 
cellei^t monograph of earthquakes for the second volume of 
his work. Another good account of the phenomena and 
effects of earthquakes was published in Friedrich Hoffmann’s 
posthumous works (1828). An essay by L')r. Kries upon the 
origin of earthquakes was awarded a prize at Leipzig in 1827. 
Naumann’s Text-hook of Geognosy contained a complete 
resime of all the scientific facts about earthquakes known 
before 1850. So exhaustive was Naumann’s account that 
Landgrebe could bring forward little additional knowledge 
in his Nahirgeschichte der Vitikane und Eidheben (vol. ii., 

1354). 

All the earlier writings 6f the nineteenth century follow 
Alexander von Humboldt in representing earthquakes and vol- 
canoes as different manifestations of the same set of causes. 
Humboldt defined earthquakes as “Reactions of the earth’s 
nucleus against the solid crust,” and volcanoes as “Safety- 
valves” for the immediate neighbourhood of such disturbances. 
Emil Kluge, who made a special study of the earth-tremors 
and, shocks in the years 1850-57, supported Flumboldt’s 

^ A short histoiical account of the prevailing views regarding earth- 
quakes which w'ere held by the authorities of antiquity and the Middle 
Ages, will be found in R. Hoernes’ Erdbohnkunde^ Leipzig, 1893. 
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standpoint, and placed great importance on evidences 
of the interchangeable relations subsisting between earth- 
quakes and volcanoes. Naumann contended, in opposition 
to Humboldt’s generalisation, that certain earthquakes might 
be termed plutqnic, in so far as they occurred independently 
of volcanic influences; Von Seebach also attributed earth- 
quakes in some instances to local distui^nces of *crust- 
equihbrium, not necessarily associated l!nth the earth’s 
volcanicity. Since Humboldt’s famous description of the 
Cumana earthquake, great advances have been made in the 
knowledge of fhe geographical distribution of earthquakes, 
the methods of determi^mg the position of seismic foci, and 
the late, the iniv‘n''".'L, art! li'i- node of propagation. 

One of the mc'-: ga )\‘ bibliographers of earthquake 

phenomena was Professor Alexis Perrey in Dijon. Between 
the years 1841 and 1874 Perrey collected statistics of 
earthquakes extending back for more than fifteen centuries. 
In England, Robert Mallet and his son J. W. Mallet 
published an E.arlhqiiake Catalogue for the period 1606- 
1858; Muschketow collected the data of the Russian and 
Central Asiatic earthquakes; in Germany, Hoff and iBerg- 
haus published in 1841 a catalogue of volcanic eruptions 
and earthquakes, and C. W. Fuchs kept a regular chronicle 
of observations from 1873 to 1S85 ; Volger published a 
careful account of the Swiss earthquakes, togetl^er with some 
notes on the periodicity, propagation, and extension of the 
shocks. 

Italy, so frequently the scene of destructive earthquakes, 
possesses in "De Rossi, the founder of “underground 
meteorology,” a historian of equal rank with Perrey. De Rossi’s 
chief work, published 1879-82, comprises his own valuable 
observations and regular records kept for several decades in the 
seismological observatory which he erected at Rocca di Papa 
in the Alban mountains. 

Baratta carefully compiled all the records of the terrible 
earthquake in the year 1627, which devastated the peninsular 
area of Monte Gargano. The Neapolitan earthquake of 
1857 was recorded in a masterly and suggestive paper by 
Mallet. The violent shocks during the last decades of.the 
nineteenth century at Belluno (1873), Ischia (1883), and 
Liguria (1887), have been made the subject of a large number 
of publications by foreign geologists and meteorologists. A 
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voluminous literature now ^exists on earthquakes and slight 
tremors experienced in Europe during the last quarter of the 
nineteenth century, special commissions having been appointed 
in most countries to keep a record of observations. 

In Great Britain, Professor James Geikie, Davison, and 
White continue the work of R. and J. W. Mallet, and there is 
no lade of obse^ations in North America, Guatemala, Mexico, 
India, Australia,^.d Africa. Seism ological 'studies were initiated 
by Dr. E. Naumann and Dr. Knipping in Japan, and the newer 
reports of Dr, Milne, Koto, Sekiya, and others in the 
7ya7is actions of the Seismological Society of Japan^ contain full 
accounts of the earthquakes in these localities. 

Of late years very delicate seismometers have been 
invented, by the use of which it has been possible to obtain 
accurate records, not only of violent shocks but « of liner 
pulsations and tremors imperceptible to human sensation. 
Cacciatore of Palmero used as a seismometer a shallow shell 
filled with quicksilver, and having a number of notches at 
regular distances round the edge ; small cups were placed 
below the notches, and in the event of any movement of the 
shelly the quicksilver escaped into these cups and could be 
weighed as a measure of the intensity of the shock. This 
simple apparatus was replaced by numerous others of much 
more complicated construction, which sometimes applied the 
pendulum, and were sometimes made self-registering by 
specially devised clock-work. Thanks to many ingenious 
inventions, meteorological science now possesses a wealth of 
observations on the frequency, continuance, jperiodic recur- 
rence, and geographical distribution of earthquakes, as well as 
on the mode of transmission, direction, intensity, rate of 
propagation, and character of the shocks. Geologists have 
concerned themselves mor^e with the destructive effect, the 
surface deformation and geological action of crust-tremors, 
and with the modifying influence exerted by the various kinds 
of rock upon the intensity and transmission of earth- 
movements. 

Mallet, Von Seebach, Von Lasaulx, and Dutton proposed 
various methods of ascertaining the area of impulses during 
an earthquake. Both Mallet and Seebach concluded from 
geometrical methods that the seismic focus was at a 
comparatively small depth below the surface, but this result, so 
far from having been confirmed, seems to be contradicted by 
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Whitney’s observations in California^by Wynne’s in the Punjab, 
and by Heim’s in Switzerland. 

Peri'ey’s long historical catalogue of earthquakes was 
intended in the first instance to determine how far earth- 
tremors had bee^ encouraged by the particular times of the 
day, or seasons of the year, or by the disposition of the earth 
with reference^ to other heavenly bodies. Th^esults are not 
altogether satis fact dVy, for although they^^rove greater 
frequency of earth-tremors in winter and autumn than in 
other seasons, no definite law can be induced. Neither do 
the statistics give any confirmation of the idea that the 
occurrence of earthquakes may have some connection with 
meteorological conditions. On the other hand, they led 
Professor Perrey to conclude that an explanation of earthquakes 
might be»found in the varying attraction of the moon at its 
different phases. 

He supposes the earth’s crust to be as uneven on its inner 
concave surface towards the nucleus as upon its outer surface ; 
that under the attraction of the moon the hot nucleus swells 
upward in wave-like form and presses against the weakest 
parts of the crust, with the result that the terrene impulse is 
transmitted through the crust as an earthquake. 

Dr. Rudolf Falb in 1869 independently formulated a theory 
of earthquakes similar in character, but moie fully elaborated 
than that of Professor Perrey. Dr. Falb connects high tidal 
waves of the earth’s magma with the attractions exerted upon 
the ^arth by the sun, the moon, and other heavenly bodies, 
and he therefore thinks it possible to foretell from astronomical 
calculations “critical” days or periods on which violent 
seismic disturbances will take place. A general connection 
between solar and lunar attraction and the occurrence of 
earthquakes is accepted by a •considerable number of 
astronomers and geologists, amongst others, by J. Schmidt, 
C. F. Naumann, Von Lasaulx, Pilar, and others. But several 
authors have disputed Dr. Falb’s theory. One main conten- 
tion is the uncertainty regarding the actual condition of the 
earth’s nucleus ; many physicists and geologists now believe 
that the nucleus is practically solid, and that molten rock- 
magma can only be present under certain definite conditigns 
of depth and pressure, and is necessarily of limited distribution 
in the earth’s mass, 

Friedrich Hoffmann had distinguished different kinds of 
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earthciuakes according to •’heir field of action as succussive or 
vertical, undulatory or wave-like, and rotatory or whirled 
At the present day, earthquakes are usually classified as 
central and linear; in the case of “central” earthquakes the 
undulatory movements radiate from a seismic focus towards 
all directions; in the case of “linear” earthquakes the 
movements are limited to long strips of thfi crust. ’ Von 
Seebach termed'^he subterranean origin of an earthquake the 
“seismic centre”; the median point at the surface within a 

region of earthquake shock he termed the eoicentrum ” at 

this point the shock manifesting itself chiefly^by up and down 
motion ; and to the imaginary lines drawn through all points 
simultaneously affected by the shock, he gave the name of 
“ homoseisms ” or “ isoseisms.” But it has to be remembered 
that a definite central point of origin has only been determined 
in a few cases. Generally the seismic centre or focus has 
been ascertained to be in point of fact an underground area 
from which concussions are propagated vertically along a 
arge number of parallel lines, which Mallet has called 
‘Seismic Verticals.” Undulatory impulses are also transmitted 
obliquely through the surface, the intensity of the shock at the 
prface diminishing in proportion as the angle of emergence 
increases. In the case of the Agram earthquake in 1880, a 
large surface area was affected by vertical movements of 
almost equal intensity, showing that the underground focal 
area was of considerable extent. 

The leading geological authorities now associate earthquake 
shocks with manifestations of volcanism, cr,tist collapse, or 
tectonic crust-movement. Earthquakes as a rule precede or 
accompany the eruptions of active volcanoes, but they often 
occur in volcanic districts when there is no actual discharge 
ftom volcanic vents. Tfie_ earthquakes which have been 
directly traced to crust subsidences were of small extent and 
intensity. And it is now widely accepted that most earth- 
quakes which occur in non-volcanic districts are originated by 
dislocations and movements in the earth’s crust. ^ 

In two suggestive papers (1873-74) on the Earthquakes of 
Lower Austria and Southern Italy, Professor Suess showed 
conclusively that_ earthquakes occur along the lines of tec- 
tonic movement in a mountain-system, and quite irrespective 
of any^ volcanic phenomena. Hoernes contributed several 
interesting papers on tectonic tremors, demonstrating by 
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specific examples the frequency of ^earthquakes alon" narrow 
tracts or over areas which have been the scat of important 
crust-movements of displacement, fracture, or milmihww 
Toula proposed the distinctive name of ‘‘dislocation earth- 
quakes^' to such^as accompanied the giander movements in 
the earth's crust. 

Gilbert in California, Gricshach in Beloochj^stan, Koto in 
Japan, and otfier observers have proved the oi^in of extensive 
fissures at the earth’s surface as a consequenc'c of recent 
earthquakes. Permanent changes in the surface conformation, 
especially siibsicfences, have very often been reported as a 
chief factor in the catastrophes caused hy earthquakes. In 
the fearful eaithquake at Lisbon, the quay sank hm 
the sea with all the ships anchored in it and thousands of 
people oni its margin. During the Calabiian earthquake, in 
the year 1783, more than two hundred lakes and morasses 
were formed. In the year 1819, according to Lyell, an 
earthquake at the eastern river-mouth of the Indus converted 
an area 2000 sqyare miles in extent into a lake; on the 
Mississippi fiats, in China, Syria, and Chili, earthquakt? 
inthrows have been recorded. ^ 

It has, however, rarely happened that the ground has 1 ieen 
elevated in consequence of the passage of an earthf|uake. 
The best known accounts of elevations conic from Chili, and 
were accepted as trustworthy ^ by no less an authority than 
Charles Darwin ; Professor Suess regards them as of doubtful 
integrity, and C. W. Fuchs affirms that since earthquakes and 
their phenomeim and consequences have been observed with 
scientific accuracy, not a single case of ground-elevation has 
been authoritatively recorded. 

G. Secular Move??ients of UphecfVal arid Depresswn.~^\\K:, 
study of the sedimentary deposits of past geological epochs 
reveals conclusively that vast changes have repeatedly taken 
place in the distribution of land and sea upon the face of the 
earth. But it is difficult to determine what changes are now 
in progress, whether certain parts of the earth’s land surfaces 
are being at present elevated or depressed, or whether oceanic 
variations are accomplishing changes in the relative levetof. 
land and sea. It seems almost impossible to record slow 
movements in the interior of the continents, and the 
topographical maps render little assistance in this respect, as 
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it is only a century since measurements of height have been 
taken in sufTicient number and with sufficient accuracy to 
afford secure data for comparison. P'or geological processes a 
hundred years is a period of as small significance as a single 
second in the history of mankind. 

It is easier to determine variations of level at sea-coasts, 
but even the^je it is often doubtful whether ^ a change of 
relative level i^due to displacements of the land or of the 
ocean ; and the observer has to be careful not to mistake for 
secular movements any of the effects of sedimentation in 
heightening the land, or of marine erosion and subaerial 
denudation in breaking down the coast. The occurrence of 
submerged forests and beds of peat, old roads and other 
human structures on the sea-floor are among the more secure 
evidences of a depression of the land or uprise of the water. 
On the other hand, remains of harbour and pier con- 
structions, and fragments of vessels found at a height above 
the existing sea-level, or at some distance inland, give evidence 
of a secular movement of land-elevation or-' retreat of the sea 
within historic ages. Former coast-lines and terraces can 
sometimes be identified many hundred feet above the present 
surface of the ocean. The exposure of delta deposits is 
usually regarded as a sign of land elevation, whereas long 
narrow fiords occurring as the continuation of river-valleys 
towards the sea, are regarded as proofs that a coast is 
undergoing subsidence. 

The oldest direct observations on relative changes of level 
were made in Scandinavia. Hjarne observed in 1702 that the* 
Swedish coasts were frequently extended in consequence of a 
retreat of the sea, and Celsius and Linnseus afterwards made 
investigations on the rate of retreat by means of boundaries 
and marks on the rocks at tGefle and Kalmar. Celsius in 1 743 
read his memorable paper at the Swedish Academy of Science, 
in which he argued that the volume of water in the ocean was 
diminishing. He calculated the sinking of the ocean surface- 
level at forty-five inches in a century. Linnaeus supported 
the views of Celsius, but Bishop Browallius (1756), E. D. 
Runeberg, and the Danish scientist, Jessen (1763), opposed 
them. E. D. Runeberg argued that the changes on the 
Swedish coast were due to elevation of the land in consequence 
of earthquakes. 

The Scottish mathematician, Professor Playfair, in 1802 
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raised an important objection the theory of Celsius by 
painting out that if the changes were really due to the lowering 
of the ocean-surface, the diminution should, according to 
hydrostatic laws, take place quite uniformly, and this was 
apparently not ihe case. Playfair therefore attributed the 
changes to an elevation of the land in consequence of subter- 
ranean forcQ^. Leopold yon Buch also forn^d the o])inion 
that the Swedish coasts were rising, but neiti^ier in his work in 
1807, nor in Karl von Hoff’s historical and critical reviews in 
1834, was any explanation suggested as to the causes of the 
movements. • 

The Stockholm Academy appointed a Commission to inquire 
into all the evidences, and the reports in 1820 and 1821 
entirely corroborated the scientific account of a general 
extension of large coastal tracts. The upraised mussel-beds 
near Uddewalla, on the west coast of Sweden, and the raised 
beaches with marine shells in Norway, had been cited by 
Buch, Brongniart, and Lyell as proofs of land elevation. 
Yet the chemist. Professor Jacob Berzelius, in 1835 adhered 
to the older view; he connected the changes along the coast 
with sinking of the sea-level in consequence of the coohng of 
the earth and contraction of the crust. In 1837, Professor 
Keilhau in Christiania collected all the observations that had 
been made on coast movement in Norway, and calculated from 
them that the land had risen 470 to 600 feet since the Diluvial 
epoch. 

A Ib'ench expedition was sent to Scandinavia and Lapland, 
and Dr. E. Rqbert, the geologist attached to it, was enabled 
to add to Keilhau’s summary a number of supplementary 
observations in Finland and Lapland. It was thus proved 
that raised beaches and terraces extended throughout all the 
northern part of Scandinavia. Bravais, another member of 
the French expedition during a prolonged stay in Finland, 
followed the remains of former coast-lines between the Alten 
Fjord and Hammerfest, and in his papers published 1842-43 
he described in the Alten Fjord two successive terraces which 
were not parallel with one another, but converged towards the 
coast and showed several variations of height at their different 
parts. This observation was declared by Naumann iu his 
text-book to be incontestable proof that the coast had been 
elevated. Considerable doubt, however, was thrown upon 
Bravais’s observations a few years later by Robert Chambers 
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in an important work on ^ncient Sea-Miwgfjis, The Chris- 
tiania Professor, Theodore Kjerulf, in 1871-73 also questioned 
some of Bravais’s observations, although he in no way dis- 
sented from the opinion that the land had been elevated. 
Professor Sexe in Christiania sought an explanation of the 
phenomena in glacial action, but H. Mohn and K. Pettersen 
in several papers published between 1870 and ^1880 refuted 
this suggestion, a?:-d added many new data in confirmation of 
land elevation. Dr, Pettersen showed that the Norwegian raised 
beaches and terraces occurred at higher and higher levels the 
farther inland they were found, and that the highest platforms 
were situated at the upper end of the deep fjords. 

The Swedish geologist, De Geer, confirmed this observation 
both in Norway and Sweden, and drew up a chart of curves con- 
necting all the raised beaches of the same height. These curves 
he termed “ iso-anabases,’’ and found that they formed a series 
of ellipses whose major axis almost coincided with the water- 
shed between Sweden and Norway. De Geer concluded that 
Scandinavia had been slowly upheaved since ^the Ice Age, the 
extent of the upheaval exceeding 600 feet in the central areas of 
the country. But he thought certain facts indicated that there 
had been a slight movement of subsidence between a period of 
maximum upheaval and the present epoch of elevation. While 
it was in Scandinavia that crust movements now in progress 
first attracted the attention of scientific men, keen interest was 
aroused in Scotland by analogous examples of upraised mussel- 
beds and beaches (the “parallel roads”). As early as 1806, 
Jameson had observed deposits containing the ^ells of recent 
molluscs at some height on the shores of the Firth of Forth 
and the Firth of Clyde, but published no account of them 
until 1835. Afterwards several geologists examined them, 
amongst others Prestwich ^ and Robert Chambers. The 
traces of ancient sea-margins far inland were first recog- 
nised by MacCulloch, and have since been described by 
Charles Darwin, Agassiz the elder, Murchison, Buckland, 
Lyell, and more recently by J. Geikie. Almost without 
exception all observers agree in regarding them as proof of 
recent elevation of the land. 

Similar evidences of elevation occur in Ireland, England, 
Finland, on the coast of the White Sea, on the islands of 
Spitzbergen and Novaia Zemblia, on the coasts of Siberia, 
Greenland, on the eastern and western coasts of North 
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America, in Patagonia, the Argentine Republic, Chili and 
Peru, and at ' the 'southern extremities of Australia and 
Africa, 

, Darwin, in founding his Coral-reef theory, assumed that a slow 
subsidence had# taken place over a vast region of the Pacific 
and Indian Oceans. In spite of a very large number of data, 
however, it has notjbeen possible to formulaj^^ny definite law 
of secular variations. Movements of elevation and depression 
are reported in various latitudes^ and are frequently known to 
take place in opposite senses at localities adjacent to one 
another. Whel^ Dana in 1849, from his observations in the 
Pacific Ocean, concluded that elevation was in progress in the 
region around the North Pole, and subsidence in the areas 
near the Equator, he formed his opinion upon insufficient 
data. The general truth has, however, been established, that 
relative changes of level are still in progress along many of the 
coast-lines, and that since the Diluvial epoch dislocations have 
been produced, measuring 300-1500 feet. In many cases 
these movements are slowly and imperceptibly accomplished, 
in others they occur with convulsive suddenness. Sartorius 
von Waltershausen in 1845 distinguished the formSr as 
Secular^ the latter as Insianianeous fluctuations of ground- 
level. 

Von Humboldt and Von Buch had directed attention 
to local movements of land in connection with volcanoes and 
earthquakes, and the example of this character most frequently 
cited in literature is the temple of Serapis at Pozzuoli, in 
the Bay of Naples. The columns of the ruined portico are 
marked by the borings of a marine mollusc at a height of 
thirteen feet above the present surface-level of the Bay. In 
1803, Breislak in the French edition of his text-book explained 
the phenomenon on the hypothesis that the Serapeum had 
subsided and had remained for a period stationary at the 
water-level indicated on the pillars by the mollusc borings, but 
that afterwards a period of emergence and uprise had* succeeded. 
This explanation was strongly opposed by Wolfgang von 
Goethe. The great poet would not listen to any arguments 
in favour of oscillations of level; in his opinion, the former 
submersion of the temple had been due to an enormous flefod. 
Breislak's view has, however, been supported by several 
leading British scientists, Babbage, Forbes, Poulett-Scrope, 
and Charles Lyell The excellent treatise published by 

19 
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Babbage in 1834 has prov^ a reference work of permanent 
value. Lyeli used it freely for his discussion of the subject 
in his Frincifles. Continental authors of repute, Hoffmann 
(1833), Scacchi (1849), also accepted the explanation of alter- 
nating movements, and the Serapeum becari^e a recognised 
example in the J^xt-books of “instantaneous” change of level. 

Antonio Niccolini made observations for sev^-al decades, 
and wrote, between 1838 and 1846, a series of papers in which 
he contended that the submersion of the Serapeum had not 
been due to any movement of the land, but^to a rise in tlie 
water-level of the ocean. Professor Suess has arrived at the 
same conclusion as Niccolini ; he points out that the changes 
of level at Pozzuoli were limited to the area of the Phlegrean 
volcanic cones, and argues that after a slow rise of the water- 
level throughout many centuries, there came during, or 
immediately after, the eruption which formed Monte Nuove 
(1538), a sudden lowering of the water-level, so that the 
temple ruins were once more fully exposed. 

Other cases of instantaneous uprise have bfien reported from 
the ^"estern coast of South America. The first account 
appeared in a letter fiom a lady, Mrs. Maria Graham, to the 
Geological Society of London. The letter relates how, after 
the Valparaiso earthquake in November 1822, a long strip of 
the coast of Chili rose three or four feet above the sea-level. 
The German traveller, Pdppig, heard confirmatory evidence 
from the fishermen of the district when he visited the Bay of 
Concon in 1827. Charles Darwin and Captain Fitzroy 
witnessed, in 1835, a violent earthquake in <Shili, and they 
reported local elevations of eight or nine feet along disloca- 
tions that formed in the district of Concepcion and Valdivia. 
Darwin also observed raised beaches and terraces at various 
heights on the coasts of Chili, some of them 1,500 feet above 
sea-level, and he came to the conclusion that sudden eleva- 
tions of land had followed the earthquakes so frequently 
associated with volcanic activity in that neighbourhood. Upon 
the basis of his direct observations in Chili, Darwin founded 
his bold theory of the uprise of continents and mountain- 
systems by successive sudden elevations due to volcanic 
forces. 

Ever since oscillations of level have been observed, there 
have been differences of opinion regarding the cause or causes. 
Strabo doubted as little in the elevation of islands, mountains, 
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and portions of the continents, in the collapse and sub- 
mergence of larger and smaller areas of the land. Athanasius 
Kircher gave circumstantial descriptions of sunken islands 
(Atlantis), and of lands raised from the ocean-floor. In the 
eighteenth century, De Maillet and Buffon ascribed changes 
of surface conformation to gradual diminution of th^ ocean 
volume, while Lazzaro Moro tried to etrplain the double 
aspect of emergence of land and ascent of the water-level by 
means of volcanic catastrophes.' The Swiss investigator, J. G. 
Sulzer, in 174^ suggested the possibility that the position of 
the earth’s centre of gravity was affected by the variable dis- 
tribution of surface material; and Justi, in 1771, believed in 
‘‘wanderings” of the Pole. 

In 1702, the Swedish physicist Hjarne had introduced the 
method* of direct observation by having marks hewn on the 
rocks of the coast, and thus paved the way for the definite 
knowledge obtained in the case of the Scandinavian move- 
ments. Scientific opinion then wavered between two chief 
parties, the one believing with Celsius in the lowering of the 
ocean-level; and the other and stronger party following Hatton, 
Playfair, Buch, Lyell, and others in ascribing the relative changes 
of level to upheaval of the land associated with subterranean 
volcanicity. Bischof, although he expressed in the chapter 
on “Heat” his agreement with the Huttonian Theory of 
Expansion, afterwards attributed secular movements more 
especially to alternating expansion and diminution of volume 
produced in deep-seated rocks by chemical transformations. 
Following this- direction of thought, Volger, Mohr, and Vogt 
thought that the originally sedimentary rocks of Scandinavia 
had been transformed into crystalline rock, and had under- 
gone an expansion of volume durkig the process of crystallisa- 
tion. 

The French mathematician, Adh^mar, was the first scientist 
who, in seeking an explanation for crust-movement, considered 
the earth in its cosmogenetic relations. He regarded the 
influence of the earth’s internal heat as quite irrelevant to the 
climatic conditions at the earth’s surface ; these he attributed 
wholly to the action of the sun’s heat, and investigated the 
varying positions of the earth relatively to the sun, with a view 
to explaining the recurrence of Ice Ages and also the associated 
periodic rise and retreat of the ocean. Research in this 
direction thirty years later was greatly advanced by James 
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Croll and J. H. Schmick. TFaese observers also supposed that 
periodic aUraction of the ocean-water now towards^ one 
hemisphere, now towards the other, caused variations of climate 
and fluctuations of level. But if this hypothesis be correct, 
there ought to be extensive regions of depression or elevation; 
local movements in opposite senses, and especially oscillatory 
movements, are^q^cluded. Dana's assumption of a widely- 
extended movement of elevation towards the North^ Pole has 
been supported by Sir Plenry Howorth, whose idea is that the 
land is rising at both the Poles and contraciing at the Equator. 

From the actual distribution of the geologfcal formations, 
Dr. Trautschold inferred the probable conditions of the earth's 
surface during past epochs, and argued that the volume of water 
in the ocean has gradually been diminishing. As immediate 
causes of diminution, he specified the accumulation of masses 
of snow and ice on land areas, the formation of inland seas 
and rivers, the absorption of water in consequence of the 
hydration of rock-forming minerals, and the consumption of 
water in the organic world. Dr. TrautschoM by no means 
contested movements of crust-elevation, but thought many 
cases *^of so-called secular upheaval explicable by the lowering 
of the ocean-level. 

Professor Eduard Suess introduced quite new ideas into the 
discussion of secular movements. In 1875, in his work on the 
origin of the Alps, he attributed the elevation of the Scandi- 
navian Peninsula to the upward arching of a wide fold; but in 
later works, when he entered into a full and critical treatment 
of the whole question, he came to the conclusion that there 
were no movements of the crust in vertical senses, with the 
exception of those which are accomplished indirectly in the 
course of crust-folding. Supss then proposed a neutral termin- 
ology to express changes of level; instead of ‘^elevation” and 
“subsidence” he now speaks of “positive” movements when 
a coast-line appears to rise, and “ negative ” movements when 
it appears to sink. His first elucidation of these views in 1880 
culminated in the statement that the phenomena of so-called 
secular upheaval and depression had their origin in continuous 
changes in the liquid envelope of our globe. Suess could 
offer no explanation of those changes, which sometimes at one 
period might amass the ocean-water towards the equatorial 
zones, at another withdraw it towards Polar regions. He indi- 
cated as a possibility that they might have some connection 
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with variations in the earth’s rotatory force, and consequently 
in the length of day and night, or with any incongruity between 
the earth’s centre of gravity and the centre of form. 

Professor Penck agrees with Suess in the leading principle 
that secular variations are due, not to crust>movements, but to 
fluctuations of sea-level. He doubts, however, the possibility 
of the equilibrium between land and water l^ing distifrbed by 
general variations of the earth’s gravity. He tiaces all changes 
of level in maritime tracts of land to local re-distribution of 
rock-material and consequent local alteration in the attractive 
force exerted* by the land upon the water-surface. Re-dis- 
tribution may be produced by crust-folding, by the denudation 
of adjoining continental areas by the sedimentation of organic 
and inorganic deposits on the sea-floor, and most of all, in 
Profesiior Penck’s opinion, by the piling-up of colossal masses 
of ice in particular regions. The American geologist, Mr. 
Upham, has arrived, on independent grounds, at similar 
conceptions of variation in the sea-level, although he at the 
same time believes in the actual upheaval of land areas. 

The whole question is again discussed by Suess in the 
second volume of his work, Das A^itUiz der Erde,^ This 
volume describes and compares the coast-line of the Atlantic 
and Pacific Oceans, passes in review the distribution of the 
oceans in all past geological epochs, and gives a complete 
account of all relative changes of level between land and water 
within historic time. The many sources of error and the 
insufficiency of data are noted; and the several causes which 
might have influenced the surface of the ocean are carefully 
elucidated. "Professor Suess adheres firmly to his view that 
secular movements of elevation of land have been without 
significance in determining the grander forms of the earth’s 
surface, and take place at the jfresent day very exceptionally, 
and only as local phenomena. He depicts a shi inking crust 
or lithosphere, which as it contracts carries with it the immense 
body of water on its surface. According to Suess, episodal 
crust-subsidences have determined the form and position of the 
ocean-basins at different epochs of the earth’s history, and 
have been accompanied by the corresponding widely-extended 
negative movements of the ocean. The existing oceans/epre- 
sent areas whose subsidence may have occurred in various ages, 
and whose boundaries are marked by lines of crust-fracture. 
Bearing in view the vast extent and the uniformity of those 
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negative movements, Professor Suess thinks it impossible to 
explain them by local ground-elevations; they must be assigned 
to physical causes of universal significance. 

In addition to the general movements of the water-surface, 
there have been oscillatory fluctuations of level limited to 
smaller districts. Local sinking of level is p/obably due to 
submarine eruptions or any increase of the deposits on the sea- 
floor; or it may be^onnected with continents,! demTdation and 
the smaller attractive power exerted on the water by adjoining 
land. Ascending movements ’have their origin probably in 
periodic and alternate heaping of the ocean-watgr at the Poles 
or at the Equator, or in local expansion of the water surface 
under the attraction of newly-formed land or ice masses. 

The tangential folding of the earth’s crust, to which Suess 
attributes the origin of mountain-systems, exerts, in his oj)inion, 
only a small and indirect influence on the sea-level The uprise 
of continents takes place only as a result of crust-inthrows 
and consequent depression of the sea-level. In the upraised 
land, as the gradients of rivers become greater, the transporta- 
tion of sediment is likewise increased; enormous masses of 
material gather close to the coast, and the weight of these 
depresses the sea-floor, inducing further positive movement. 
All the reported facts which might seem to countenance the 
conception of upheaval of the land are subjected by Professor 
Suess to careful criticism, and found by him to be for the 
most part untrustworthy as direct evidence of land movements. 
In so far as Suess has referred the grander secular movements 
to subsidence of the water-level associated with crust 
shrinkage, his results will commend themselves t (9 all students 
of crust-physics. But his work cannot be said to have 
arrived at a solution of the causes of local oscillatory 
movements. Suess himself fconcludes his discussions with 
the somewhat mystic-sounding sentence: — ‘'As Rama looks 
across the ocean of the universe, and sees its surface blend in 
the distant horizon with the dipping sky, and as he considers 
if indeed a path might be built far out into the almost 
immeasurable space, so we gaze over the ocean of the ages, 
but no sign of a shore shows itself to our view” {I)as 
Antlitz der Erde^ ii. 703). 

Notwithstanding the strong arguments directed by Suess 
against secular upheaval of land areas, many geologists believe 
in an independent upward movement of certain parts of the 
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solid crust Professor Erich von Drygalski, who as an explorer 
on the Northern Coast and in Pdlar regions is no less distin- 
guished as a mathematical physicist than as a geologist and 
geographer, holds the opinion that phenomena of upheaval and 
subsidence can be produced by alternating decrease and increase 
of the temperattire at the earth’s surface. Professor Bruckner, 
the chief Swiss authority on fluctuations of level, does not agree 
with Nordenankar-and Suess that the posjtlt^e movement of 
Scandinavia may be explained by the gradual depression of 
the Baltic Sea. On the German coasts of the Baltic, where 
the variations jf the water-level, as in the case of inland seas, 
depend upon the amount of rainfall and the volume of 
inflowing river-water, the oscillations leave horizontal lines. 
But on the Swedish coasts the former coast-lines do not run 
horizontally, they slope obliquely upward, thus affording 
evidence, in Bruckner’s opinion, that the movement had been 
an unequal crust-movement. Several geologists who have more 
recently examined the Swedish coasts, Leonhard Holmstrom 
(1888), Sieger (1893), and Kayser (1893), arrived at the same 
result and supported the view of continental oscillations. 

Penck has modified his previous opinion and now accepts 
independent crust-movement as a concomitant factor in 
elevating or depressing a coast-line. Bruckner goes farther, he 
argues that all the present littoral displacements, which are 
not directly associated with volcanic activity at the surface, 
are explicable only if we accept crust-movement as an essential 
condition. 

H. 0 1 dcr^ Dislocations in the EariJls Crust — Tectonic 
Structure and Origin of the Contifients and Mountain-Chains . — 
The terrestrial movements and changes which have been 
observed within historic times gjve us but a faint indication 
of similar phenomena in earlier periods of the earth’s history. 
On studying the dislocations which occurred in past geological 
epochs, we arrive at a clearer conception of consummated 
movements and their effects, we perceive how ancient 
strand displacements have culminated in the complete 
submersion of islands and continents, or in their emergence, 
and how mountain-systems have arisen in the neighbourhood 
of ancient zones of crust-disturbance and weakness. 

With the exception of the observations of Steno, which 
were far in advance of his time {ante^ p. 26), the scientific 
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and methodical investigation of the earth’s crust may be said 
to have begun towards the end of the eighteenth century. 
The careful sections of the Thuringian district prepared by 
Lehmann and Filchsel initiated a new direction in crust- 
physics, and fore-shadowed the special work ^undertaken by 
stratigraphical research in the present day, — to find out the 
actual distributing of the rocks in the ground so far as they 
are at present exposed to view, and if they do not occur in 
undisturbed horizontal succession, to determine what dis- 
placements they have sufferecf, and reconstruct as nearly as 
possible a true mental picture of the sequencer of events, the 
original distribution of the various sediments in time and 
place, the subsequent movements secular or paroxysmal, and 
the character of the resultant deformation of rock-particles 
and rock-masses. « 

Werner and his scholars contributed to field research many 
of its precise terms and methods. They examined the rocks 
with respect to strike and dip ; alternations of strata ; mutual 
stratigraphical relations in vertical and horizontal directions; 
the displacements effected along fault-lines; upheaval, curva- 
ture, l^ending and folding of rocks. The terminology which 
they applied very often betrays the close connection which 
existed between the mining industry and the beginnings of 
stratigraphy. The mines, the minerals, and any evidences of 
rock-displacement discovered during the mining operations 
were the sources of knowledge from which Werner taught, and 
as his scholars gradually extended their field of vision, and the 
glance of a Humboldt or a Leopold von Buch became world- 
wide, the early impressions and familiar terms of student days 
were grafted into the more ambitious conceptions and general- 
isations with which such men enriched the systematic study of 
the earth’s ciust. Many mintng terms have thus been adopted 
into geological literature, although the original significance has 
been in some cases considerably modified. 

Pallas and De Saussure gave the first more exact accounts of 
the structure of mountain-systems, and early in the nineteenth 
century important advances were made by the investigations of 
Ebel, Studer, Escher, Elie de Beaumont, and others in the 
Alps, .those of Voigt and Heim in the Thuringian Forest, of 
Merian and Thurmann in the Swiss -Jura Chain, of De la 
Beche in Cornwall and Devonshire, of Sedgwick and Murchison 
in Wales, and of the brothers Rogers in Pennsylvania. The 
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conceptions of geologists regardin^the structure of mountain- 
systems altered as their knowledge of stratigraphy increased; 
the stages of progress may be judged by a comparison of the 
text-books of geology published in the successive decades of 
the nineteenth c<;ntury. 

The text-books of the Wernerian School were mostly 
ignorant of the complicated structure of moiintain-systems ; 
inclined strata were assumed to have originated in the inclined 
position. Their teaching on structure was based exclu- 
sively upon observations in plains, hill districts, and mines. 
Geological sections of mountains and plains appear in the 
work of Conybeare and Phillips, and an ideal section of 
the earth’s crust in Buckland’s Text-book of Geology (1S36) 
became the model for a number of similar attempts. Lyell’s 
Principles and Ele^nents of Geology^ like the majority of the 
text-books in the first half of the nineteenth century, treated 
the structural relations of the earth’s crust somewhat meagrely. 
Naumann, in his Lehrluch der Geognosie (1850), was the 
first author who devoted a special chapter to Geo-Tectonics,” 
and he comprised in it practically everything which had been 
established in this domain of geology. • 

As the interest in tectonical relations developed, the 
questions of the earth’s configuration began to be studied 
from a more intelligent standpoint. Previous centuries had 
offered only speculative literary matter on this subject. Steno 
certainly had as early as 1669 appreciated the fundamental 
doctrines of configuration ; upon the basis of his own re- 
searches in Tuscany, he had explained the forms of mountains 
and valleys as the results partly of crust compression and 
fracture, partly of the upheaval of stratified deposits, partly 
of the accumulation of volcanic material. Descartes, Leib- 
nitz, and Buffon attributed the origin of ocean-basins, con- 
tinents, and mountain-systems to fracture and wrinkling of 
the solid crust, and to withdrawal of the surface waters into 
subterranean cavities. Hooke, Vallisnieri, l.azzaro Moro, 
Needham, and others thought volcanic forces had upheaved 
the continents and mountain-systems. 

Inthrows, subsidences, wrinkling of the crust in virtue of 
the earth’s contraction, and upheaval by subterranean forces 
have long been recognised as the principal factors in 
determining surface conformation, and re-appear in modern 
theories with various modifications and applications. 
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The founder of the newer theories of upheaval was without 
doubt James Hutton, the Scottish geologist. Accoiding to 
Hutton, the earth’s internal heat caused the locks to expand 
and to find relief by bulging upward ; thus portions of the 
earth’s surface rose above sea-level and formed continents and 
mountains j volcanoes provided a means of exit for the hot 
vapours and molten masses of rocks, and prevented the 
excessive expansion and upheaval of' the ‘earth’s crust. 
Although Hutton’s theory of expansion and elevation was at 
first little considered, a numfber of observers like Fichtel and 
Pallas arrived at similar conclusions from ^.independent re- 
searches, while De la Beche, Babbage, Lyell, and Poulett-Scrope 
accepted the theory and extended it in various directions. 

Leopold von Buch was an enthusiastic supporter of the 
Huttonian theory. In the year 1812, J. L. IJ^eim had 
assigned to basalt an important rok in the elevation of 
mountain-chains. Von Buch ten years later, after his studies 
in South Tyrol, became convinced that the dolomite was an 
altered limestone, the transformation having been effected by 
the action of volcanic magnesian vapours during the protrusion 
of augite porphyry. From the stratigraphical relations of the 
sedimentary rocks and their association wdth the augite 
porphyry, Buch developed his well-known theory that the 
whole Alpine system followed the direction of an enormous 
fault, through which augite porphyry had locally escaped at 
the surface, and had elevated, tilted, and folded the 
neighbouring rocks. The results obtained in South Tyrol 
were then applied to Thuringia and the Harz, and finally the 
hypothesis was expressed that all mountain-cRains had been 
upheaved by augite porphyry. 

The disciples of Buch found in the theory of eruptivity 
and consequent disturbance of strata a complete explanation 
of all possible complications of crust-deformation, and for a 
time the upheaval of mountains was ranked as a volcanic 
phenomenon. Poulett-Scrope in 1825, in his work On Vol- 
canoes^ supported Hutton’s Plutonic doctrine, and entered into 
an elaborate investigation of the ascent of intrusive granite and 
porphyritic masses in relation to the tectonical effects produced 
upon the different kinds of rock-strata which might happen to 
be in the neighbourhood. 

A Swiss geologist of note who shared Buck’s views on 
mountain-upheaval was Bernhardt Studer; he explained the 
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granitic and gneissose masses of rock in the highest chain of 
the Alps al the chief “ centres o^ elevation ” during Alpine 
upheaval, and applied to them the distinctive name of Central 
Afassims. 

Some remarks of Buch about the direction of the mountain- 
systems in Germany were destined to bear greater fruits than 
that thinker at the time realised. His paper Om the 
Geognostic Sy^ems of Germany, published in ^824, noted that 
four systems of strike had to be distinguished, the Netherlands 
or North-West system, the North-East system, the Rhine or 
North-South system, and the Alpine or East-West system. 
This observation of Buch gave the impulse to the works of a 
gifted French geologist. 

Elie de Beaumont^ belonged to the most enthusiastic ad- 
herents oj^ the Volcanist doctrines. Many years of geological 
surveying in the Vosges and Ardennes mountains, in the 
mountains of Provence, in the Dauphind and at Mont Blanc, 
had shaped in his mind new ideas about the origin of the 
mountains, and in 1829 he made these known in the Annates 
of the French Ac*ademy. Mountain-structure is discussed in 

^ L<^once Elie de Beaumont, born on the 25lh September 179?, at 
Canon (Dep. Calvados), belonged to a noble family of Normandy. His 
preparatory studies were conducted in the Henri IV. Seminary in Paris, 
and after a biilhant course in the l^olytechnic School in Paris, he entered 
the School of Mines in 1819, to devote himself to Mineralogy. Here he 
attracted the attention of the Professor of Geology, Brochant de Villiers, and 
together with his fellow-student Dufrenoy accompanied the Professor in 
1822 to Great Britain, in order to become acquainted with the mines in 
that country and to get insight into the Biitish methods of geological sur- 
veying. Elie de iBeaumont and Dufienoy then set to work in 1825 to 
prepare a geological map of France. At first they worked under the 
direction of Biochant de Villiers, afterwards they continued independently, 
and in eighteen years the map was completed. Its publication exerted a 
powerful influence on the whole developnient of geology in France, and 
seemed for the two authors a, distinguished place amongst their scientific 
contemporaries. In 1827, Elie de Beaumont was elected Professor of 
Geology in the School of Mines, and in 1835 he succeeded his patron, 
Brochant de Villiers, as General Inspector of Mines. He held in addition 
several high governmental offices, and used his influential position invariably 
for the good, of his colleagues. After the conclusion of the general geo- 
logical survey of p'rance, Elie de Beaumont directed the special geological 
survey until his death on the 21st September 1874. The geological fame 
of Elie de Beaumont rests on his admirable field-work and his writings con- 
cerning the age and origin of mountain-systems. An account of his life and 
his contributions to science was published by Sainte-Claire Deville at Paris 
in 1878. 
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a short passage towards^ the close of this treatise. Brief 
although they are, the remarks on the influence of the slow 
cooling of the earth on surface conformation and the origin of 
furrows and fissures, are at once recognised by a reader of the 
present day as the starting-point of our modern views on 
mountain-structure. Favourable reviews by Brongniart and 
Arago helped Xo spread the fame of the young geologist, and 
to win rapid recagnition for his work. 

It was not until 1852 that Elie de Beaumont discussed the 
details in full, and gave expression to his conceptions in his 
three-volume \vork On Moimtain-sy stems. points out that 
in virtue of the continued cooling of our planet the radius is 
shortened and the crust is affected by a general centripetal 
movement. Delesse had calculated i, 340 metres as the amount 
by which the earth’s radius had already been sho^ttened; in 
other words, the earth’s crust in the course of the geological 
epochs had approached the earth’s centre by a distance about 
equal to the height of Chimborazo or the Himalayas above 
sea-level. As the more rigid crust tried to subside and accom- 
modate itself to the contracting molten mass of the nucleus, 
inequalities and excrescences formed ; or if the tension became 
too great a sudden rupture of the crust ensued, and the lateral 
compression gave origin to mountain-folding. The rock-masses 
in seeking relief from the crust-strains were pressed upward, 
and might under certain circumstances pierce the surface as 
a finger might pass through a button-hole. This, in Elie de 
Beaumont’s opinion, was the explanation of the fact that granite 
masses so often form the summits and ridges of mountain- 
chains, wfliose flanks consist of uplifted sedimentary rocks. 
The latter, he said, were covered towards the base of the 
mountain for the most part by gently-inclined or horizontal 
strata, which spread over the neighbouring plains. The 
inclined strata often strike sharply against the horizontal 
layers, any marked contrast in the position of the neighbour- 
ing series of deposits indicating that after the deposition 
of the uplifted strata, and before the deposition of the undis- 
turbed series, a convulsion of the earth’s crust had taken 
place in that region and had culminated in the uplift of the 
mguntain-chain. The exact geological period of the crust- 
paroxysm could be determined from a comparison of the ages 
of the inclined strata and the horizontal layers reposing upon 
them. 
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According to Elie de Beaumont^ the ages of the mountain- 
systems as a rule correspond with the limits of geological 
formations, and therefore' also with the ‘^revolutions^’ indi- 
cated by Cuvier in the development of organic creation. The 
mountain-systems might in his opinion be regarded as chrono- 
logical documents bearing witness to the paroxysmal stages in 
the physical bi story pf the earth’s crust. He Uien attempted 
to ascertain after this method the ages •of the various 
mountain-systems in Europe, depriving his facts partly from 
his own observations, partly from literature. 

While engaged on this inquiry, Elie de Beaumont became 
greatly impressed with the parallelism of the strike in the 
several component elements of a mountain-system. He 
remembered a saying of Werner’s, that mineral veins with 
parallel Strike afford evidence of the simultaneous origin of 
the vein fissures, and he applied this principle to mountain- 
systems, endeavouring to prove in the most detailed manner 
that mountain-systems or ranges with parallel strike were of 
simultaneous origin. The spherical form of the earth made it, 
however, difficult to determine the parallelism of mountain- 
systems far remote from one another, since in such case% the 
same term of geographical orientation would be used to 
describe directions which were not by any means parallel. 
Elie de Beaumont met this difficulty by treating the mountain- 
systems as tangents of earth-circles and arguing from the 
parallelism of the tangents. He regarded as parallel all 
mountain-systems which crossed the meridian at a like angle. 

With the principle of parallelism, Elie de Beaumont left 
the sure ground of inductive reasoning and entered into 
speculative matter, which unfortunately he continued to discuss 
during the remainder of his life. In his description of the 
mountains of Europe, published iiT 1852, they are represented 
as tangents of twenty-one circles, and from the inclination of 
these circles to one another Elie de Beaumont deduced a 
general geometrical law of orientation for the mountains of the 
earth. He also constructed a “pentagonal net-work” of the 
fifteen largest circles which corresponded to the corners of a 
regular isogon in the centre of the eaith, and made it the 
fundamental basis of his elaborate scheme of the earth’s 
mountain-systems. But the famous “ Roseau pentagonal ” never 
received general recognition, although it was much discussed 
for a time by the personal adherents of !6lie de Beaumont. 
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Several geologists, for er:ample Studer and Hoffmann, who 
agreed with De Beaumont’s fundamental ideas of upheaval by 
volcanic force, and his stratigraphical method of determining 
the age of mountain-systems, discredited his views regarding 
the simultaneous upheaval of parallel mountain-chains, as well 
as his assumption of sudden paroxysmal uplifts. They 
showed that <he Alps, the Harz mountains, -and the Erz 
mountains had^ suffered from repeated crust-movements. 
Still others, Constant Prd^^ost, Ami Boue, Conybeare, and 
Charles Lyell, were in openly avowed opposition to Elie de 
Beaumont’s doctrines from the first. 

Professor Thurmann in Porrentruy made a series of valuable 
observations on mountain-making processes. This observer, 
who devoted his life to the study of the Swiss Jura mountains, 
elucidated their structure and composition with mabterly skill 
and breadth of conception. The arched forms, so conspicuous 
a feature of the Jura Chain, were explained by Thurmann as 
crust-uplifts due to vertically-acting subterranean forces, and 
he quoted several examples to show how --these forces may 
sometimes raise portions of the crust, and sometimes give 
origin to faults along which the uplifted chains are disjointed, 
and the several portions move apart. 

Thurmann called the unbroken uplifted chains “arches,” 
and distinguished as “combes” the crust-inthrows faulted into 
the middle of the arches; a “combe” wholly surrounded by 
faults was termed by Thurmann a “ cirque.” While he used 
the term “fold” for the crust-arches themselves, he applied 
that of “ val ” for the syncline or trough betw^'cen neighbouring 
arches. He also gave distinctive names to mountain-valleys — 
the longitudinal deep ravines at the outer flanks of the chains 
he termed “ ruzs,” and the transverse valleys cutting through 
several chains “ cl uses.” '' 

The earlier treatises of Thurmann in 1830 and 1836 discuss 
the orographical features chiefly in relation to the original 
fold-forms of the Jura system and to general principles of 
mountain-folding and structures. His complete tectonical 
results regarding the causes and phenomena of relative crust- 
displacements were not published until 1856, a year after his 
death, at the age of fifty-one, from cholera. In these later 
papers Thurmann recognised the existence of one hundred 
and sixty incipient chains in the Jura mountains, only thirty 
of which could be regarded as of primary importance. He 
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said they were separated from one another by somewhat 
crooked fault-lines which ran in approximately parallel 
directions, or diverged at various angles of bifurcation from a 
main chain. In the case of the principal chains, the highest 
fault-blocks were* those on the western side of fault-lines, and 
the mountain-curves were convex towards the west. Speaking 
generally, Thdirmanu distinguished in the Jum mountains a 
zone of the highest chains, a central zone* of uplift, and a 
slightly-folded plateau zone. Fr^m the whole structure of the 
Jura, he finally concluded, in opposition to his earlier views, 
that the chains *had not taken origin as vertical uplifts, but 
that lateral forces had acted from the Swiss side and had 
compressed the strata along parallel folds. 

One of Thurmann’s chief tenets was the long continuation 
of the plastic state in sedimentary deposits. He held that 
sediments remained plastic long after their deposition and 
during the processes of mountain-formation, and he therefore 
differentiated sharply between faulting, bending, crushing, 
and shearing movements effected while the sediments were 
still fairly plastic, and movements of adjustment accomplished 
after the mountains had been formed. He contested^ the 
hypothesis that rock already consolidated was reduced to a 
molten or plastic condition by the processes of mountain- 
making. 

While Elie de Beaumont and Thurmann were building up 
their theories of mountain-upheaval upon field observations, 
the English physicist, Hopkins, was trying to solve the 
problem upon* theoretical grounds, and one of his doctrines 
is specially worthy of note. From his consideration of the 
pressures exerted by explosive gases, vapours, and other 
subterranean forces upon the crust, he concluded that in 
almost all cases of crust-fracture T:wo systems of faults must 
take origin at right angles to each other, and must then be 
fundamental directive lines during the formation of continents 
and mountain-systems. 

Constant Prevost, in his report on the Island Julia 
(ante^ p. 264), contested the theory of Elevation-Craters, and 
in opposition to felie de Beaumont regarded the origin of 
mountain-systems and continents only as results of glow 
sagging of the crust, or of occasional inthrows when one side 
of the fissure was pressed outward and the rock-material was 
stemmed against it. Much later, similar ideas were enter- 
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taincd by Professor Chafes Lory, by Ebray and Maanan. 
1 rofessnr Inxvre also dissented from the supposed vertical 
iiphlt of the Alps. In 1867, in a now classic description of 
the geology of Mount Blanc, he ascribed the complex fan- 
shaped arrangement of the rocks in that nioiintain to the 
action of strong lateral pressure. 

ln1\)ortant i^iditions to the knowledge of mountain-struc- 
ture were mearnime being made by the North American 
(xeological .Survey. In 1842, at a Congress of British and 
American Scientists, 11. D. Rogers had expressed his views on 
the stratigraphical composition, the tectonical telations, and the 
mode of origin of the Appalachian mountains. The one-sided 
asymmetric arrangement of the folds in the Alleghaiiies, the 
absence of any central axis consisting of crystalline eruptive 
rocks, the fact that the whole mountain-system was composed 
of numerous parallel folds, most of them curved in form, 
could not in Rogers’s opinion be brought into harmony 
^yith the theories of mountain-upheaval which were at that 
time current in Europe. He argued against the conception 
that ascending eruptive masses uplifted superincumbent rock- 
strat^, and also against Prevost’s opinion that mountains were 
formed as a consequence of local inthrows and crust 
subsidences. His own theory of mountain-folding supposed 
the disturbing cause to be wave-like pulsations into which the 
molten magma of the nuclear body was thrown from time to 
time, when the accumulated tensions in the earth’s thin crust 
caused an actual rupture. The form, arrangement, and 
inclination of the folded strata were ascribed to a CQpibined 
wave-like and tangential movement, which was also accom- 
panied by an injection of eruptive masses into the cavities 
created within the folds during the movement. 

Professor Dana^ wms the'' geologist who first gave clear ex- 

1 James Dwight Dana, bora on the 12th February 1813 at Utica in 
New York State, entered Yale University in 1833 and made a journey to 
Europe during his college course. In 1838 he was selected as geologist 
and mineralogist for the Wilkes Exploring Expedition, and during the 
four years’ voyage became acquainted with the coasts of South America 
and the Pacific Ocean. Dana was shipwrecked off the coast of Oiegon 
hut fortunately succeeded in reaching San Francisco and sailed once more 
by^tlie Sandwich Isles, Singapore, and St. tielena to New York. 
Thirteen years were then devoted to the examination and description of 
his geological and zoological collections. His reports on the geology of 
the Pacific Ocean, the volcanoes of the Sandwich Islands and cdral reefs 
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pression to the theory of horizonta]| compression in explanation 
of the oiigin of mountains. The early papers by Dana upon 
crust-movements were published in the American Journal of 
Science in the years 1846 and 1847. In them Dana boldly 
contested the possibility of continents and mountains being 
raised by the expansive force of subterranean vapours and the 
ascent of rock-magma; and he also dissented from the 
gravitation tlieory of his compatriot, James Hall (1859), 
according to which the gradual accumulation of sedimentary 
masses in areas of subsidence must, on account of the altered 
equilibrium, giv» rise to folding and fracture of the crust, and 
consequently to mountain-chains. Hall’s idea was to a great 
extent a hiodification of previous suggestions by Babbage and 
Herschel, but these investigators had attributed the subse- 
quent uplift of thick deposits in areas of subsidence to the 
expansion of the sediments on account of the high temperature 
in their deeper horizons. 

In common with Descartes, De la Beche, Cordier, Elie de 
Beaumont, and , others, Dana considered the fundamental 
cause of crust - deformation to be the slow cooling and 
contraction of the earth’s nucleus. But he made a closer 
geological investigation than any previous observer of the 
precise ; mode of action displayed by the contracting 
f^ces.^’'-"i'/ 

Dana assumed that the orographical limits of continents 
*^and mountain-chains were determined by certain pre-existing 
lines of minimum resistance (cleavage-lines) associated with 
inequalities of thickness and temperature in the earth’s crust. 
He then argued that as the primitive earth cooled, the first 
crust-blocks that consolidated formed continents, and the 
pressure caused by shrinkage was most intense at the 
continental margins. There the '^greatest mountain-systems 
developed, and as a rule the height of a marginal mountain 

as well as his comprehensive works on Zoophytes and Crustaceans, are 
amongst the finest productions in the liteiature of scientific travel. Dana 
was a Professor at Yale University from 185010 1894, and died on the 14th 
A]m\ 1895. lie was distinguished as a zoologist, geologist, and mineral- 
ogist ; his high merits were recognised in England by the award of the 
Wollaston and Copley medals. His Text-hook of Geologyi published in 
1863, has since passed through several editions, and has had a marked 
influence on geological thought and progress. Over a hundred papers 
by Dana have appeared in the American Journal of Science^ and they 
treat almost every subject of general geological inteiest. 
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range corresponded to th^ depth of a crust-hollow on the 
npiab Vioiirinc portion of tlio oc63-n"iioor. 

This o ehmLry hypothesis is clearly open to question, 
bu^ rmom ^ pSant feature k Dana’s assumption tha the 
but a moie mip endeavours to shrink 

with [hrnucleus, is transmuted into tangential tension 
comLrable with the strains that would be set up m the case 
of i^falling arch." In Dana’s opinion the horizontal pressure 
comniSs thus originated fold the crust into arched ridges 
nZ troS-like hollows. Dana called the latter geo-synchnah, 
the former m-ajiticlinah ; and he applied the qualifying term 
“mroSetic” to mountain-systems which owe their origin 

,o . single ..eh « 

fr 7 ferures, monogenetic crests are rapidly lowered by the 

"thr—S of several chains always 
arile a “ord ng to Dana, within geo-synclina s where immense 
masserof sediment have collected. As the older rock-honzons 
become mantled by ever-increasing ^^'^oknesses of sedime 
oKrrrf- nnd the subsidence continues, the deeper strata are 

tepS new 

mountain-chains The earth’s crust, he said, grew thicker 

by the continued progress of mechtkar an^ 

more and more resistant owing to the 
chemical metamorphoses which they experienced in t te ■ • 
The process of mountain-making was consequently made more 
Id S difficult in the older areas of disturbance, but as 
?he tlgentlal strain never relaxed, it might effect an up^rd 
pressurf of the crust, culminating n rupture 
the escape of volcanic rock at the surface. Hence the 
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youngest mountain-chains were #pre-eminent for the large 
participation of volcanic rock in their compositionj more 
especially along marginal fault-lines. 

Dana’s views on mountain-building were based chiefly on 
the Appalachiai?^ Rocky Mountains, and were well adapted to 
the geological relations in North America. They, were 
therefore wicjely accepted in that country. Many of the ideas 
were criticised by his compatriots, and th*b healthy interest 
awakened in the subject reached favourably upon Dana’s 
concept, as it enabled the author to revise and improve certain 
portions. Joseph le Conte was the most brilliant of Dana’s 
helpers in working out the evidences of horizontal components 
of pressure in mountain-folding ; Dana so frequently cited Le 
Conte in his later publications that it is difficult to define the 
individual merits of the two geologists. 

To the North American geologists undoubtedly belongs 
the credit of founding the theory of horizontally-acting forces 
and rock-folding upon an ample basis of observation. 

Shaler distinguished between the uprise of continents and 
that of mountain-systems. Both were explicable upon the basis 
of the earth’s contraction ; but whereas the continents had ttikeii 
origin from furrows which affected the whole thickness of the 
earth’s crust, the mountains only represent foldings in the 
external parts of the crust which have served to relieve the 
lateral pressures produced by the contraction of the deeper 
horizons. 

The method of research followed by Professor Suess marks 
the beginning of a new epoch in the questions of crust- 
deformation. Two aspects appealed strongly to Professor 
Suess, the tectonical problems presented by individual 
mountain-chains, and the relation of all the mountain-systems 
on the surface of the earth to the physical changes in progress 
since the beginning of the earth’s history. Since Elie de 
Beaumont’s misguided effort, no geologist had attacked the 
question from its universal aspect, and the supreme scientific 
success attained by the first volume of Das Antlitz der Erde^ or 
The Face of the Earthy by Professor Suess, was a tribute to a 
work accomplished with the highest bibliographical skill and 
literary finish, the fullest geological and geographical 
knowledge, a convincing array of scientific facts that never 
fail to suggest an endless reserve in the background, and 
above all a calm, judicial, elevated tone of inquiry which the 
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end of the nineteenth century may well feel proud to have 
witnessed, and carried with it into its boasted wealth of 
scientific enlightenment. 

His earlier geological papers on special areas show Professor 
Suess only as the ardent field-surveyor, the lo^er of mountains, 
the Igiborious student compiling results from his own note- 
books. But the little book entitled Die Eiitstehung der 
Alpen^ or The Origin of the A/ps, which was published in 
1875, already betrayed the* dawn of new thoughts, full of 
freshness and interest. Professor Suess in that work contested 
the upheaval of mountains and continents “by forces acting 
vertically upward; he refuted the active participation of erup- 
tive rocks in the origin of mountain-chains, and after a brilliant 
description of the most important mountain-systems of the 
earth, he demonstrated that any arrangement of those accord- 
ing to geometrical laws was altogether illusory. The difficult 
problems of crust-displacements were, he said, so intimately 
associated with the question of the age and origin of 
mountains that the latter could not possibly be solved by 
any mathematical deduction or general rule obtained from 
leading-lines of strike and distribution, but demanded an 
accurate knowledge of tectonical structure in each case. 

A more detailed examination of the Alpine system^ led 
Suess to the conclusion that the structure of this mountain - 
system was not symmetrical, as had previously been supposed, 
but was, on the contrary, essentially one-sided. The steep 
descent of the western Alps towards the plains of Piedmont 
and Lombardy indicated a curved fault-line, and the Alpine 
rocks had been folded together under the influence of a 
tangential force acting in north-west, north, and north-east 
directions from the leading crust-rupture. It had been cus- 
tomary to regard the zones of rock-formations on the south 
side of the eastern Alps as folded masses that had been 
pushed aside during the upheaval of the central chain, but 
Suess contested this, saying these zones represented an 
independent chain which had been pressed against the 
Alps by a horizontal force acting towards the north-west 
He pointed out that farther east still another chain, the 

^ This name was applied by Suess in wider sense to include the Alps 
proper, the folded Jura mountains, the Carpathians, the Hungarian moun- 
tains, the Dinaric ranges along the eastern shores of the Adriatic Sea, and 
the Apennines, 
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Hungaiian mountains, was intro^Juced between the central 
Alps and the southern zones. Professor Suess then demon- 
strated a similar unilateral structure for the Balkan, Caucasus, 
and Ararat mountains, and in all cases the action of the 
tangential forces had been from south to north. 

Hence a surprising similarity was demonstrated between the 
mountains of Europe and those in North America whicTi had 
been described by Rogers and Dana, and the theory of 
lateral compression so widely accepted by American geologists 
seemed applicable to European mountain-chains with but few 
modifications. "^Elje de Beaumont’s method of determining 
the ages of the mountain-chains was clearly unsuitable 
upon this new conception of their structure. According to 
Professor Suess, the tectonical disturbances which gave form to 
the present Alpine system had begun in the Mesozoic period, 
and had continued not only to the close of the Miocene time, but 
(at least on the southern slopes) into the Pliocene and possibly 
even the Diluvial Age. In considering the actual lines of 
deformation, Suess pointed out that allowance must be made 
for the retaining influences exerted by neighbouring immovable 
mountain-blocks, by ancient intruded and interbedded volcanic 
rocks, and by the resistance of the rock-folds themselves. 

A study of the older mountain-masses (afterwards called 
“Horsts” by Suess) limiting the Alps on the west and north, 
showed that the same direction of force which had folded the 
Alps had also determined the structure of the Riesen moun- 
tains, the Sudeten mountains, the Bohemian forest, the Harz, 
the Ardennes, etc., and that this Central European mountain- 
system of high geological antiquity had, like the later Alpine 
system, been compressed by horizontal forces acting towards 
the north-west, north, or north-east Although in Europe as 
in North America, the dominatiitg direction of pressure had 
come from the south, there were also evidences of compres- 
sion towards the south. Val Sugana in the southern Alps, 
Istria, Dalmatia and the Karst, the Ifer mountains, and 
the Teutoburg forest were mentioned as types of southward 
compression. Yet so prevalent was the northern direction 
of movement over vast regions between the Caspian Sea and 
the American shores of the Pacific Ocean, that one ipight 
feel tempted to deduce a general streaming of rock-material 
towards the North Pole throughout the whole Northern 
Hemisphere. But several facts contradicted such a con- 
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elusion. On the eastern b^s>undary of the aforesaid region a 
number of disturbances were apparent, which were frequently 
associated with volcanic phenomena, and had caused the 
tremendous north-south fault of the Red Sea and the 
Jordan valley, also influencing the directiq^i of strike of 
the Ural mountains and the western Ghats. East of this 
transversal line •of disturbance, the leading Asiatic mountains 
had not in Europe the convex side of the strike-curves towards 
the north, but the convexities were towards the south. 

A comparison of the Himalayas with the Alps showed- a 
remarkable agreement between the two distant mountain- 
systems; Mesozoic, Palaeozoic, and Ciystalline rocks com- 
posed the high mountain-lands of both systems, yet there 
was the fundamental difference that the Tertiary rocks 
in the southern foreground of the Himalayaap corre- 
sponded with those in the northern Molasse Zone of the 
Alps. Medlicott had already concluded from the general 
structure of the Himalayas that the chain had taken origin 
as the result of lateral compression from the i^iorth, and Suess 
tried to demonstrate a similar direction of movement, to the 
soutlitor south-east, in other systems of Central Asia. 

Suess agreed with Dana^s opinion that the sedimentary rocks 
of the Euro-Asiatic systems had accumulated in pelagic geo- 
synclinals ; and he brought the frequent gaps and uncon- 
formities in the succession of strata carefully into relation with 
former oscillations in the extent of the ocean. Suess described 
in greater detail the transgression of the Cenomanian Ocean 
which spread over a considerable part of Europe, North and 
South America, and northern Africa, and drew from it the 
conclusion that stratigraphical evidences of transgressions 
and withdrawals of the waters of the ocean were even more 
valuable as a means of determining the approximate eras of 
certain events in the Earth's history than the discovery of the 
relative ages of mountain-systems. 

In the concluding chapter of this work on the origin of the 
Alps, Professor Suess summarised his results as follows 
the strikes of mountain-chains do not always run parallel with 
the greater circles of the earth, but may be diverted by various 
obstacles; the major fold-systems of mountains take origin 
frequently, if not exclusively, in geo-synclinals and demand 
enormous periods for their development. Volcanoes play a 
subordinate part in the formation of mountains. Most 
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mountain-systems have unilateral^ structure, and theie has 
been in North America, Europe, and North Africa a general 
movement of rock-masses towards the north, in Asia towards 
the south. 

Suess then enunciated certain principles of mountain- 
building. The "simplest type of a mountain-system is that 
which begins with the occurrence of a rupture or fault rec- 
tangular to the direction of contraction, the s*svered crust-block 
then moving onward in the direction of the contraction (ex- 
ample, Erz mountains). The second and ‘most frequent type 
is that which begins with the disposition of a principal fold 
striking transversely across the contraction and inclined in the 
direction of the contraction, a fissure then forming in the fold 
at the line of maximum tension. The front part of the fold 
moves iii the direction of the contiaction and pushes the 
sedimentary rocks before it into further foldings, the other 
part of the fold sinks, and volcanic rocks escape at the line 
of fragmentation and subsidence (example, Apennines and 
Carpathians). In a third type of mountain-building, several 
parallel folds arise, occupying a greater surface breadth, and 
usually ending on the inner side of the innermost fold-»with 
a steep crust-fracture (example, folded Jura mountains, 
Ardennes, Taunus, Appalachians). It depends on the inten- 
sity and direction of the folding-force, on the nature of the 
resistance, and on the greater or smaller brittleness of the 
varieties of rock, whether the secondary folds are preserved 
or if they are deformed and pass into faults whose planes are 
inclined inward to the mountains and serve as planes of 
overthrusting. In extensive regions the contracting force 
seems to have had the same direction during successive geo- 
logical epochs. 

Suess agreed with Shaler that the continents represent 
contractions of the whole earth’s ciust, whereas the mountain- 
systems are to be regarded merely as foldings of the more 
superficial layers of the crust. In addition to the folded 
mountainous portions of the earth’s crust, Suess emphasised 
the presence of resisting crust-areas which, like Bohemia, are 
composed of old mountain-masses piled against or across one 
another like pack-ice, or like the vast Russian block consist of 
undisturbed horizontal strata. Such unyielding areas of the 
crust are frequently characterised by considerable gaps in the 
sedimentary series. Their geographical distribution decides the 
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form and the course of th^ folds into which the intervening 
more yielding portions of the earth’s surface have been thrown 
by the tangential strains of contraction. While the first cause 
of mountain-making is the secular cooling of the ciust, the 
precise form of a mountain-chain is subject t9 the modifying 
conditions introduced by these ancient and resistant crust- 
blocks" or ‘‘arcbjboles.” 

The above arer some of the leading conceptions in the 
remarkable work on mountain-structure published by Suess 
in 1875, great influence may be judged from the flood 

of literature upon this subject which has poured forth since 
that year. It is impossible to refer here to more than the 
most important of these publications. 

After a long series of researches in a complicated district of 
Switzerland, Professor Heim, in Zurich, published win 1878 
his famous work, Untersuchu 7 tgen ilher den Mechafiismus der 
Gebirgsbildung, The two geological maps and fifteen illus- 
trative plates accompanying the text were lithographed by the 
author himself. The scientific insight an 4 . technical skill 
possessed by Professor Heim form a rare combination, and 
have^irought his views on mountain-structure wide popularity 
and acceptance. 

ITeim concentrated his attention on the tectonical pheno- 
mena of folding. He depicted in the ‘‘ Glarus Double-Fold ” 
an appearance which seemed contradictory to any doctrine of 
mountain-movement, since on the north side of the central 
Alps, where, according either to the conception of symmetry or 
asymmetry of the chain the folds should have been towards 
the north, Heim’s observations showed that the major folds on 
the north and south of the Glarus area had been overlhiown 
towards one another, and the upper portions had continued to 
travel as “thrust-masses” advancing from opposite directions 
towards one another. This was clearly inexplicable on the 
assumption of a uniform direction of the horizontal movement 
of the crust, and Heim concluded that the inclination of over- 
cast folds depended upon local inequalities of resistance, upon 
the presence of older folds as well as upon the relative height 
of the two bases of origin on the opposite sides of any individual 
fpld.^ The second volume of Heim’s work treats the general 
problem of Mountain Architecture. Using his own field 
observations as the ground-work of his discussion, he describes 
the phenomena of rock-deformation during crust-movement 
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under several headings : — curvature, plication, crush, shear, 
cleavage, distortion of rock-material and of fossils. He 
opposes Thurmann’s idea that the rocks are primarily 
plastic and remain so during the mountain-movements, and 
assumes that the rocks of our mountain-chains have been first 
consolidated and afterwards altered during the crust-movements; 
the alteration might be accompanied by fissures and faCllts or 
might take place without any fracture, botii modes of trans- 
formation being quite independent of the physical and chemical 
constitution of the rocks. Alteration without fracture only 
occurred at great depths, and was most frequent in the older 
rocks. According to Heim, the essential conditions for such 
alteration are the presence of a heavy superincumbent load of 
rock, and the action of pressures from ail sides upon the rock- 
particlesji so that even the most brittle mass of rock would 
be converted into a state of latent plasticity. The work done 
by horizontal pressures is the great truth which Professor Heim 
seeks to inculcate. He brings forward numerous observations 
to prove the passive behaviour of the ‘‘Central Massives” during 
the upheaval of the present Alpine system. In opposition to 
Studer’s idea that the massives had represented active ,^local 
centres of disturbance, Heim points out that the crystalline 
rocks present in these areas themselves show deformation and 
alteration explicable only upon the assumption that they had 
suffered no less than the rocks in the northern and southern 
zones of the Alps from a system of horizontal pressures common 
to the whole Alps. In Professor Heim’s opinion, the individual 
forms of the Central Massives as lenticular or fan-shaped arches 
or simple domes had been determined by modifying local in- 
fluences during the epochs of Alpine upheaval, but had no 
connection with volcanic subterranean forces. On the con- 
trary there is, according to Heim, ro field evidence whatsoever 
that the igneous rocks of the Central Massives exerted forces 
of compression upon the sedimentary strata in contact with 
them. 

Heim therefore agrees with the general results of Suess, 
and explains mountain-making as a consequence of nuclear 
contraction, crust-subsidence, and the complex action of 
horizontal strains thiough the layers of the crust ^ He 
calculates that the plication of the Alps has reduced the 
breadth of that portion of the crust by a distance of about 
seventy-four miles ; hence the crust contraction would seem 
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to be a very appreciable aipount in the case of the greater 
mountain-systems. On the other hand, Heim calculates that 
the earth’s diameter has not been shortened even one per cent, 
by the processes of subsidence and mountain-folding. With 
regard to the age of the Alps, Heim concludes central 

chains are older than the outer, that the strains have wholly 
ceased* in the injner portions of the Alps, but continued along 
the northern chains into the youngest Tertiary periods, and are 
possibly even now in progress. 

According to Heim’s theory of latent plasticity, the rocks 
at a depth of nearly 7000 feet would be in of condition that 
would preclude the possibility of gaping fissures. This 
assjamption is correlated with the characteristic feature in 
Heim’s geological surveys, namely, the pre-eminence of folds 
in all possible forms, and the subordinate place assigned to 
faults. These have proved somewhat vulnerable points of 
attack in an otherwise classic work, and have been called in 
question by many eminent geologists during the twenty and 
more years that have elapsed since the publication of the 
Mechanismus. 

Giiiwbel, Broegger, Stapff, Pfaff, Rothpletz, and others have 
opposed the theory of plasticity upon various grounds. All 
experimental attempts to reduce rocks by mere compression 
only caused fragmentation of the material. PfafF found that 
many rocks might be subjected to a pressure of more than 
20,000 atmospheres without showing any tendency to become 
plastic. Moreover, it is not in accordance with the known 
phenomena of volcanoes and earthquakes to assume that 
crust-fissures cease at comparatively small depths. 

The experiments of M. Daubree and M. Favre are 
especially noteworthy. Daubree started from the standpoint 
that not only horizontal, but also vertical components of 
force have acted in bending and folding the rocks of the crust. 
His apparatus consisted of a rectangular iron frame, to contain 
the material under pressure. The pressure was applied from 
the side, but sometimes simultaneously from above. Instead 
of the alternating layers of wool, cotton, and clay which had 
been used in the experiments of Sir James Hall in Edinburgh, 
Daubrde arranged different kinds of metal plates and sheets 
of wax mixed with clay, resin, or turpentine. By varying the 
conditions of his experiments in respect of the intensity and 
direction of pressure, and the kinds of material, M. Daubree 
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obtained types of folding and deformation which coincided 
with many of those represented in nature. The first account 
of Daubree’s results appeared in 1878, and in the same year 
Professor Favre of Geneva published his illustrations of clay 
strata which had been placed upon a stretched band of 
caoutchouc, and thrown into folds on the contraction of the 
elastic basi?.^ In 1888, Mr. Cadell carried •out a series of 
pressure experiments and attained excellenf imitations of the 
tectonical disturbances in mountain-systems. An attractive 
experimental elucidation of the Appalachian mountains was 
given by Mr. B?iiley Willis in his work entitled The Mechanics 
of Appalachimi Sirnchire. 

All those experimentalists have demonstrated that un 4 er 
Strong lateral pressure the material is not only plicated but is 
fissured •and faulted in many different ways, and geologists 
generally are inclined to think that Professor Heim has not 
allowed sufficiently for the complicating effects of crust- 
dislocations. 

The geological significance of fissures and faults was fully 
realised by the Wernerian School; this was only to be 
expected, since the foundation of WernePs doctrineai was 
his intimate knowledge of the vein-rock that occurred in the 
crevices and fissures of the crust, and his careful observation 
of the relative displacements of the rock on the opposite sides 
of fault-fissures. From time to time special works on faults 
have appeared in mining literature. One of the best known 
earlier works is CarnalFs description of the fissures in the 
Carboniferous district of Silesia, published in 1836 ; numerous 
special papers on the British mining distiicts are included in 
the Reports of the Geological Survey; and Kohler in 1886 
published a valuable monograph, entitled Die Sfdnmgen der 
Gange, Flbize und Lager, • 

The faults in mountain-regions were examined by De la 
Beche, Sedgwick, Thurmann, Harkness, and many others, and 
their origin commonly ascribed to contraction and mechanical 
strain ; William King explained them as due to processes of 
crystallisation. The mechanical strains in the crust during 
mountain-making are undoubtedly the most important factor, 
and Professor Daubree imitated the effects of strain in a series 
of experiments. He subjected plates of glass, pieces of rock, 
and wax prisms to torsion and to vertical and lateral pressures, 
and produced fissures and displacements which could bear 
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detailed comparison with ihe phenomena of crust-fracture 
ill natuie. Daubree also elucidated the influence of such 
fractures on the subsequent surface conformation of the earth, 
and especially on valley erosion. 

Reyer in his TJieoreiische Geologie^ published in 1888, 
discusses the causes and phenomena of crust-ruptures. He 
refers Tractures differences of tension arising from various 
causes, inequality^ of the superincumbent weiglit or in the 
rate of gain and loss by chemical changes, and inequality in 
the access or abstraction of*'heat in the rocks of adjacent 
areas. Dr. Reyer cites numerous examples^ of step-faults, 
trough-faults, and fault-nets, in order to show that areas of 
subsidence bounded by fault-fissures are frequently strength- 
ened by the injection of eruptive masses, and are rendered 
so much the more resistant in subsequent crust-disturli^nces. 

The first volume of Suess’s Antlitz der Erie appeared in parts 
during the years 1883-85 ; the second volume followed in 1888; 
and the third and last volume has recently been completed. 
The author incorporates in this work many^ideas which he 
had enunciated in skeleton in the E^iistelmng der Alpen, 
But t^ie later work is not limited to the consideration of the 
origin of mountains and continents, it surveys the whole 
history of terrestrial change in the course of the geological 
epochs. In the hands of the most accomplished of foreign 
geologists, and one of the strictest logicians of any age, crust- 
tectonics may be almost said to have been elevated into a 
new inductive philosophy of earth-configuration. 

The leading purpose of the work is to explain the present 
conformation of the earth’s surface upon the basis of the 
previous changes in the oceans and continents of the earth. 
And first the movements in the solid outer framework of the 
earth are considered. « 

Suess begins by discussing the Deluge of the Scriptures, 
as one of the last grand geological events, which visited 
Mesopotamia with a devastating inundation, probably the result 
of an earthquake or a cyclone from the Persian Sea. In 
addition to the Mosaic account, the Izdubar Epic of the 
Babylonian Berosus serves as the historical basis of this 
chafer. 

A second chapter treats of Earthquakes, and a third 
elucidates the various kinds of dislocations associated with the 
contraction of the earth’s nucleus. The movements are 
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resolved into tangential and radial tensions, which give effect 
to horizontal and vertical displacements. Under horizontal 
displacements Suess describes folds, anticlinal domes, over- 
thrusts, and lateral shifts effected by dipffaults. The vertical 
displacements are evidenced by subsidence or inthrows, and 
they are accompanied by numerous fissures and faults, which 
may again be sub-divided into peripheral, radjal, diagonal, and 
transversal faults. The nature of the subskience in dislocated 
segments of the eartffs crust determines the arrangement of 
the faults as limiting-lines t)f crust-basins, crust-troughs, 
flexures, or t^le-lands. The combination of a subsiding 
and tangential movement gives origin to specially complicated 
tectonical appearances, such as the development of fore-folds 
and back-folds. 

Sues% regards volcanoes only as slight and superficial 
indications of important phenomena in the nuclear mass of 
the earth. He describes a number of examples showing the 
gradual denudation and partial disturbance of volcanoes, and 
establishes a “ series of denudation forms ” intended to prove 
that there is no fundamental difference between the volcanic 
explosions and ejections of the present time, the massivg flows 
of earlier periods, and the laccolites and deep intrusions of the 
oldest periods. The fissures and dykes of active and extinct 
volcanoes are carefully discussed, also the dislocations caused 
by earthquakes. 

After these preliminary chapters, Suess makes a compara- 
tive investigation of the mountain-systems of the earth, and an 
attempt to discover their geological history from their tec- 
tonical structure. To the geologist the subject is opened out 
with unflagging interest. Beginning with the Northern Sub- 
Alpine area, Suess emphasises the obstructive influence which 
had been exerted by the mountain-ranges of Central Europe, 
the Sudeten mountains, and the Russian plateau. These 
resisting crust-blocks had for the most part successfully 
stemmed back the advancing Alpine folds, or in the case of 
the Sudeten and a part of the Russian plateau, the northward 
crust-creep had carried the Carpathian folds partially over the 
ancient mountain-masses. 

Suess elucidates the direction of strike of the dominant 
folds in the Alpine system, and his description of th"e cur- 
vature and whirl-shaped arrangement of the leading lines 
of strike has thrown an entirely new light upon Alpine geology. 
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The older view, that in th^ Northern Hemisphere, from the 
Caspian Sea to the American shores of the Pacific, folding- 
movements had been directed to the north, north-west, or 
north-east, is shown to be erroneous for the southern Apen- 
nines and other outrunners of the Alpine system, as well as 
for the coastal chains in North America. A special chapter is 
devote to the ^work of Mojsisovics on the inthrown area of 
the ‘‘Dolomites’’ au South Tyrol, wdth which the'^origin of the 
Adriatic Sea is associated. 

Another chapter is devoted ''to the geological history of the 
Mediterranean Sea, which he proves to be a «*'*emnant from a 
much greater ocean. He calls this ancient ocean “Thetys,” 
and by an exhaustive discussion of the various Tertiary 
deposits demonstrates the former extent, boundaries, and 
phases of development of the original ocean of “^Thetys.” 
It extended across the Atlantic Ocean to the southern coasts 
of North America, and through Central Europe to the inner 
recesses of Central Asia. The fragmentation of the neighbour- 
ing continents, the recent inthrows of the u;^ean and Black 
Seas, are described with admirable mastery of detail. 

Tl^ following chapters treat the Sahara table-land, with 
its continuation towards Arabia and Palestine; the broad 
South African table-land, which formerly extended as 
“Gondwana Land” across Madagascar to Southern India and 
Australia and is bounded on all sides by a faulted coast ; and 
lastly, the mountain-systems of India and Central Asia and 
their tectonical relations to the Alps and European mountains. 
Suess then proceeds to describe the leading features of America. 
In South America there is a certain unity of structure. In 
the east and in the middle the great Brazilian table-land is 
composed of little disturbed Palaeozoic strata ; in the west the 
folded mountain-chains are mostly composed of Jurassic rocks. 
Still younger strata occur near the Pacific coast, and the 
volcanoes and earthquakes of this area indicate the continuance 
of crust-disturbances in the present day. 

Central America is interposed between North and South 
America with a structure geologically independent of either, 
and representing a part of the former land-girdle of the Thetys. 
In IJorth America, the Appalachians, the Mountains of the 
West, and the intervening table-lands afford the author 
frequent opportunity of discussing the American literature on 
the origin of mountain-systems. 
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The first volume concludes wjth a summary of the most 
important results obtained throughout the work. It is 
pointed out that the names Old and New World are, geo- 
logically speaking, quite unjustified, as the greater part of 
North America^ has been exposed as dry land since the 
Cretaceous epoch, and is therefore of considerable antiquity. 
South America has its own distinct structure; it nlay be 
described as' a gigantic crust-buckle bounded on three sides 
by high mountain-walls, but unbroken by any tectonical lines 
towards the east and north-east.'* 

In the Old World three dissimilar regions have been welded 
together: (i) the southern parts of the ancient Gondwana 
Land, which has never been completely submerged since the 
conclusion of the Carboniferous epoch; (2) Indo-Africa, the 
present Sahara, Egypt, Syria, and Arabia, covered by the ocean 
in the Cretaceous epoch, but never subjected to folding-move- 
ments since Paleozoic time ; and (3) Eurasia, the north-west 
of Africa, Europe, and the remainder of Asia. The southern 
borders of Eurasia are strongly folded, and throughout long 
tracts they have been thrust above the Indo-African table-land. 

The second volume begins with a historical account of the 
different opinions regarding secular movements of upheaval 
and depression of the land. Suess points out the advantages 
of the terms “positive” and “negative” as signifying the 
relative character of coastal displacements {ante^ p. 292). 

Two of the most brilliant chapters in the work are devoted 
to the boundaries of the Atlantic and Pacific Oceans. All the 
erudition of a century is summed up in these pages ; as one 
reads, broad geological portraits of the face of the earth as it is 
and as it was are called forth, till one forgets to marvel at the 
magician^s touch or question the individual features. A com- 
parison of the North European and North American fault-areas 
discloses unexpected homologies between the two territories. 
The re-construction of the ancient Armorican and Variscan 
mountain-systems in Central Europe, the elucidation of their 
losses by fracture and denudation, and the proof of the 
similarity in the direction of the later folding that gave origin 
to the Alps and Pyrenees, are masterpieces of scientific 
argument. 

The Face of the Earth is intended, however, not only to 
explain the origin of mountains, but also to trace in chrono- 
logical succession the chief vicissitudes of the solid crust since 
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it began to form. A de^|iiled account of the Palaeozoic 
Mesozoic, and Tertiary oceans, with their transgressions and 
retrogressions, comprises many new conceptions, and leads the 
author finally to the consideration of the oscillations of the 
ocean surface at the present day. The em^/ging coasts of 
Scandinavia are vieweti as proof of lowered sea-level, and the 
generjfl opinioi^^ in favour of crust-elevation is strongly op- 
posed. Similarly, •Suess explains the strand displacements in 
progress on the coasts of the Mediterranean Sea, the Pacific 
and Indian Oceans, as the restilt of movements in the aqueous 
envelope of the earth, but not in the solid crus^. 

According to Suess, ruptures and collapses affecting the 
whole thickness of the earth’s crust, together with tangential 
folding of the upper horizons, are the forces to which the earth 
originally owed its surface conformation. There isono such 
thing as an active or passive emergence of portions of the 
earth’s crust; in the estimation of Suess, the theory of elevation 
is a great error. He thinks it impracticable to ascertain the 
ages of the mountain-systems by any such ingenious method 
of calculation as Elie de Beaumont attempted, seeing that as 
a rul^ the upheaval of a mountain-system occupied protracted 
intervals of time. Nevertheless, Suess is inclined to correlate 
the grand physical events of the earth’s history with those of 
the development of the organic world, and thinks it possible 
in this way to erect a natural and universal classification of the 
formations. For this purpose it is not so much the origin of 
new mountain-systems that comes into question as the periodic 
recurrence of those great pelagic transgressions, whose cause of 
origin until now has not yet been discovered. 

Many of the hypotheses suggested by Suess will probably 
not endure the criticism of the future. Yet there can be no 
doubt that even the expression of a hypothesis having due 
respect to all known data niarks an important step in advance. 
In the midst of the present activity in conducting detailed 
investigations there is a certain danger that scientific workers 
may become parochial in their interests and teaching ; but a 
work like that of Suess, so cosmopolitan in its standpoint, 
reminds all workers of their community of aim, rouses each 
one from the particular to the general, and brings him back 
with renewed vigour and mental insight to the particular. 
The time was ripe for an effort to establish systematic clearness 
in the acquired abundance of detail and to seek for compre- 
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hensive laws and principles. Onej^f the* most distinguished of 
living geologists, Professor Marcel Bertrand, writes in the pre- 
face to the French translation of Suess^s work, by M. de Margerie; 
‘‘The creation of a science, like that of a woild, demands more 
than a single day; but when our successors write the history 
of our science, f am convinced that they will say that the work 
of Suess marks the end of the first day, iiuhe7t iJj,ere was fight:' 

Suess has*secured almost general recogivtion for the Con- 
traction Theory. Yet there are individual attempts to explain 
mountain-making in some other Vay. Amongst these the most 
worthy of note* is Mellard Readers attempt to work out the 
Huttonian expansion theory in detail and to make it agree 
with the ascertained facts of modern geology. Mellard Reade 
made a number of experiments on the expansion of metals and 
rocks un^er different modes of heating, and applied his results 
theoretically to explain the movements within the earth’s crust. 

Like James Hall and Dana, Mellard Reade starts with the 
assumption that mountain-making takes place only in districts 
of thick sedimentary deposits, and that there is an increase of 
temperature in those parts of the earth’s crust on account of 
the additional thickness, and therefore proportional wij^h it. 
Whereas Babbage, Lyell, Dana, and others suppose that 
the force of expansion called forth by the increase of 
temperature acts only in linear directions, vertically upward, 
Mellard Reade shows that this force must tend to expand 
rocks cubically, upward, downward, and laterally. The 
lateral expansion of the rocks in the heated area is resisted 
by the relatively less heated rocks of adjacent areas, the com- 
pression of the expanding rocks causing them to fold and buckle. 
The upper layers being less influenced by the earth’s heat than 
the lower are in a condition of greater tension, while the lower 
are more strongly compressed. Bdth are separated by a neutral 
zone, in which the rocks experience neither tension nor com- 
pression; this zone is called the “level of no strain.” 

The rocky floor upon which the thick mantle of deposit has 
gathered necessarily participates in the subsequent rise of crust- 
temperature, the expansion, and the compression. Therefore 
the sedimentary strata of high antiquity composing the floor 
are subjected anew to heat and pressure, are folded and 
crushed in the most varied manner, and in their plastic state, 
since they are stemmed back by the lateral resistance of cooler 
areas and harder masses of rock, they are readily pressed 

21 
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towards the lines of least resistance in the mountain-system, 
namely, the anticlinal axes of the folds and arches. Thus they 
accentuate the appearance of upheaval at the surface, and foini 
the axes of the highest chains, which as a rule consist of ancient 
crystalline rocks. 

But as the origin of a mountain-system occupies long geo- 
logicar epochs, ^nany changes of temperature may take place 
in the subterranean masses. Every rise of temperature causes 
a new movement of expansion, and the mountain-chains may 
rise higher and higher above the surrounding areas. Fissures 
and faults are phenomena of contraction prodi^ced by cooling, 
and arc therefore usually younger than the folding and upheaval 
of the mountain-chains. With every crust-rupture a subsidence 
of one or both sides of the fissure is commonly associated. 

Mellard Reade cites examples chiefly from British aj^d North 
American geological literature in support of his theory. The 
weakness of the theory consists in its treatment of mountain- 
making as a merely local phenomenon ; it assumes rather than 
explains that the expansion of limited crust-blocks by little and 
little can effect the uprise of vast mountainous tracts. 

The American geologist, C. E. Dutton, in a paper “ On 
some of the Greater Problems of Physical Geology,” in 1892 
also contests the Contraction Theory and proposes his theoiy 
of ‘‘Isostasy.” He points out that the earth’s crust is not 
homogeneous, but consists of heavier and lighter masses; the 
effort to arrive at equilibrium causes the heavier masses to 
subside and the lighter masses to rise as crust-buckles. If an 
area which has already subsided is weighted by thick masses 
of sediment it must sink farther, and if simultaneously the 
adjacent crust-buckle is lowered by the agencies of surface 
denudation, the socket of the arch is so much lightened and 
rises farther. Should these- movements overcome the rigidity 
of the earth’s crust, Dutton supposes that in the littoral sedi- 
ments, crust-creep or flow takes place towards the continent in 
course of denudation, and this flow movement may become 
so intense as to produce folds and build up mountain-chains. 

Dr. Reyer, another opponent of the Contraction Theory, 
has suggested a theory of mountain -making based upon exten- 
sive ^crust-slip. He assumes that every system of crust-folds 
begins with a crust-rupture and with the sinking of several 
crust-blocks towards one direction, so that the earth’s relief is 
made unsymmetrical, mth a definite slope on one side. If 
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the sedimentary rocks beside a rupture are tilted by upheaval, 
then, according to Reyer, the rock-strata glide downward and 
as they do so fall into complicated folds. 

An Alpine geologist of wide experience, Professor Rothpletz 
in Munich, holds the Contraction Theory to be inadequate as 
an explanation of volcanoes and of the unlike distribution 
of gravity in the earth's crust. Pie believes that a better 
explanation is afforded on the basis of crust-expansion in 
certain regions, 

Rothpletz recognises three distinct spherical zones of rock- 
material in th5 earth, according to their physical condition. 
Below the rigid crust is the viscous or molten nucleus, and 
between both a zone of cooling and consolidation. Professor 
Rothpletz assumes that the masses in the intermediate zone do 
not contract as they would on cooling under normal pressure of 
superincumbent rock, but expand as they cool, in analogy with 
bismuth and other substances. From this zone, therefore, 
vertical and tangential pressures are exerted upon the solid 
crust. At localities of weak resistance the crust is torn, the 
expansion of the intermediate zone pushes the crust upward 
and produces continents or table-lands at the surface, an^i the 
seams are invaded by the uprush of molten magma from the 
nucleus. At the same time the tangential tension in the 
emerged continents tries to relieve itself locally by the forma- 
tion of folds. Hence mountains are upheaved and volcanic 
invasions occur on the continents at the places of least 
resistance. 



CHAPTER IV. 

m 

PETROGRAPHY. 

The investigation of the rocks which compose our earth’s 
crust has always been conducted along two directions of study : 

(1) the investigation of the mineralogical and chemical 
composition, the structure of rocks, their mode of occurrence ; 

(2) the investigation of their mode of origin. 

The systematic arrangement and the morphology of rock- 
varieties has been constructed mainly upon a mineralogical 
basis ; the questions concerning the origin of rock-varieties 
have been handled more from the geological and chemical 
side.* A distinction between massive eruptive rocks and 
stratified deposits was early recognised in petrographical 
literature. Hutton’s was the genius which first differentiated 
clearly between plutonic, volcanic, and sedimentary rocks in 
point of origin; while Werner, too biassed by Neptunistic 
doctrines to perceive the fundamental truths which Hutton 
had taught, nevertheless accomplished the task of erecting a 
systematic classification of rocks upon mineralogical con- 
siderations. 

During the first half of the nineteenth century, all petro- 
graphical w’’orks followed Werner’s system. His determina- 
tion of rocks as simple or co'^mposite occurs in most of the later 
attempts at classification, and also his fundamental principle 
of differentiating the essential and the accessory minerals in 
mixed rocks has been continued to the present day. 

Brongniart had in 1813, in his table of Composite Rocks, 
assigned great importance to the structural relations, and dis- 
tinguished accordingly three chief classes : i, the “isomefites,” 
or granitoid varieties of rock, in which the individual elements 
are united only by crystalline aggregation, and there is 
no finer matrix, e.g., granite, syenite, protogine ; 2, the 
“ anisomerites,” or porphyritic and hemicrystalline varieties, 
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in which the chief mineral constituents lie imbedded in a 
“matrix^' or ground-mass, e,g,, gneiss, schist, phylHte, porphyry, 
trachyte, obsidian, lava; 3, the “aggregated” or fragmental 
varieties, which take origin by mechanical means, and whose 
ingredients are cemented together by subsequent infilling of 
material, e.g.^ psam mites (sandstone, greywacke), pudding- 
stones, and breccias. ^ 

Brongniart, as well as his predecessors Hauy and Cordier, 
confined themselves exclusively to the mineralogical com- 
position and structure of the rocks, without respect to their 
mode of occuFrence, their age, or their origin. While this 
method of treatment proved undoubtedly beneficial to the 
development of systematic petrography, it endangered the 
connection between geology and petrography, and in this 
respect 4he direction initiated by the French petrographers 
must be regarded as retrograde in comparison with the 
Wernerian School. 

The best and most complete work of that time on petrology 
was Leonhard’s^ Charakterisfik der Felsarfen (1823-24). In 
this work likewise the mineralogical standpoint predominates, 
but the Wernerian influence is apparent in the frequent 
digressions which give information regarding the occurrence 
of the different kinds of rock in the field and their mode of 
origin. Leonhard distinguished four sub-divisions of rocks : 
I, rocks composed of unlike elements; 2, rocks apparently 
uniform ; 3, derivative or fragmental rocks ; 4, friable and in- 
coherent rocks. As all Leonhard’s distinctions were founded 
on macroscopic examination of the rocks, the group of the 
“apparently uniform” rocks is quite artificial, and the limits 
of the others are unsatisfactory. 

Cordier^ had suggested in 1815, according to the precedent 

• 

^ Call Casar von Leonhard, born 1779 at Rumpenheim near Hanau, 
studied in Marburg and Gottingen ; m 1800 entered into the Hessian 
Government Service; in 1810 was appointed Councillor of the Exchequer 
in Chur Hesse, and aftei wards Diiector of Domains; in 1 8 16 accepted a 
call to the Munich Academy, but left Munich in 1818 to be Professor of 
Mineralogy and Geognosy at the Univeisity of Heidelberg, where he died 
on the 23rd January 1S62. 

Pierre Louis Antoine Cordier, born 1777 in Abbeville, began life as 
a mining engineer in 1797; took part under Dolomieu in the Egyptian 
Expedition; in 1819, succeeded Faujas de Saint-Fond as Professor of 
Geology at the Botanical Garden, and at the Restoration of the Empire 
was made a peer of France. He died in 1862. 
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of Fleuriau de Bellevue Dolomieu, to pulverise the 
appaiently homogeneous rock-varieties, to separate the particles 
by weight, and test them partly below the microscope, partly 
with the magnet, partly by chemical means ; but this manner 
of research proved far from successful, as it^was extremely 
difficult to identify the minute mineral particles. It showed, 
however, that boisalt was a composite rock. 

The Scottish geologist, Professor William Nicol, in 1827 
introduced a method of preparing thin sections of fossil 
woods to be examined by the microscope, and about the same 
time constructed a polaiising microscope for the special 
investigation of crystals. The insight of this gifted man in 
petrographical pursuits, no less than in respect of the difficult 
problems of the geology of the Scottish Highlands, failed to 
carry conviction into the minds of his contemporaiiies. A 
few petrographers certainly adopted his method of examining 
fossil wmods, and it was by this means that Goppert was 
enabled to detect the impoitant constituents of coal. 

In the hands of Ehrenberg, the microscope proved of epoch- 
making significance. By its use Ehrenberg made the dis- 
covery that a number of widely distributed rocks, soft in 
character, such as chalk and tripolite, as well as certain lime- 
stones from the older formations, weie entiiely composed of 
the skeletons of lowly organisms (diatoms, foraminifera). 
Ehrenberg’s work on chalk and chalk-marls was published 
at Berlin in 1839; fifteen years later, in his Mikrogeologie^ he 
gave a complete account of his microscopic investigations on 
the composition of sedimentary deposits, the work being 
enriched by a very large number of excellent illustrations. 

Although Ehrenberg’s method of microscopic examination 
of friable and earthy lock-material had been so eminently 
successful, it did not seem m if it could be adapted for the 
investigation of the harder rocks. The thin splinters of a 
crystalline rock were not sufficiently transparent even when 
imbedded in Canada balsam, and^NicoFs optical method of 
identifying the mineral fragments was little known. Besides 
Nicol himself, David Brewster and Humphrey Davy interested 
themselves in the microscopical examination of the structural 
relations of minerals, and the frequent fluid inclusions of rock 
minerals. Scheerer in 1845 identified the hemicrystalline 
structure of many apparently homogeneous rocks, and in 
transparent chips of crystals examined by transmitted light 
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he recognised numerous minute fc^reign bodies and inclusions. 
But these authors failed to make sufficient impression upon 
contemporary thought. Petrography continued to be con- 
ducted for the most part along the old lines ; in Germany the 
best known Jeachers of petrography were Rose, Cotta, Nau- 
mann, and Rath; in France, Delesse, Durocher, and Fpurnet. 
Naumann’s Lehrhucli contains an admiiable i»epresentation of 
the state of 'petrography in 1850. But, ii^stead of the sub- 
divisions then customary, Naumann differentiated rocks chiefly 
according to their origin as crystffiline, clastic, hyaline, poriform, 
zoogene, and pl^ytogene. 

In the following decade, the interest of petrographers was 
chiefly directed to the chemical side. Until that time, geology 
had troubled little about chemistry. The foundations of 
geology ^had been laid without the assistance of chemistry; 
among the leading geologists of the heroic period, only 
Hutton and De Saussure were learned in chemistry, and they 
had not seemed to And much use for their intimate knowledge 
of that branchy of science. Cordier had in 1815 applied 
hydrochloric acid for the determination of certain constituents 
of rocks, and Gmelin in 1828 had made an analysis of 
phonolite, separating the elements that were soluble in hydro- 
chloric acid from those that were insoluble. But a purpose- 
ful chemical investigation of rocks was first attempted by 
Bischof and Bunsen. 

Gustav Bischof {ante^ p. 217), the founder of Chemical 
Geology, was much more a chemist than a geologist, and 
although his lack of sound geological knowledge could not 
affect his experimental chemical researches on rocks, it proved 
detrimental when he came to draw generalisations from his 
results. In the first volume of his Text-book of Chemical and 
Physical Geology^ Bischof begins nvith the consideration of the 
water on the surface of the eaith and in internal cavities and 
joints ; after a detailed description of springs, he turns his 
attention to their temperature, their chemical ingredients, etc., 
and to the chemical changes which are set up in the rocks 
when water is brought into contact with them. The second 
volume is a complete chemical mineralogy and petrology, in 
which the mode of origin of the rocks receives a"" large ^hare 
of attention. AVhen he reviews his facts, Bischof arrives at 
conclusions of an ultra-Neptunistic tendency and quite 
erroneous. The work is of high value on account of the 



328 HISTORY OF GEOLOGY AND PALEONTOLOGY. 

large number of careful rook analyses, which show the rela- 
tive admixture of the different rock-forming substances. 
By careful chemical analyses, Robert Bunsen succeeded in 
distinguishing between two volcanic magmas exuded from 
different vents in Iceland — the one, a nornaal trachytic or 
acid rnagma, the other a normal pyroxenic or basic magma, 
— and showed ^lat from the combination of these all possible 
transitional varieties of eruptive rock might take origin. After 
the publication of Bunsen’s paper in Poggendorffs Annalen in 
1851, geologists were so zealous in the chemical investigation 
of rocks, that almost a thousand chemical jfnd mechanical 
analyses of rocks w^ere forthcoming ten years later wdien Justus 
Roth prepared his tabular list of rock analyses. 

In the year 1850, Henry Clifton Sorby published a short 
communication on the Jurassic Calcareous grit,® whose 
structure he elucidated by applying NicoFs methods of ex- 
amining thin rock-slices by transmitted light. In two further 
treatises in 1853 and 1856 Sorby tried to solve the problem of 
cleavage by similar means of examining thin sections of 
cleaved rock. These earlier wTitings of Mr. Sorby were the 
precursors of his famous memoir in i860, which revolutionised 
the teaching of petrography. Independently of Sorby, Oschatz 
in Berlin had recognised the importance of preparing thin 
slices of rock for microscopic examination. On the 7th 
January 1852, Oschatz exhibited a collection of fifty micro- 
scopic slides of mineral sections at a meeting of the German 
Geological Society, and again in 1854 at a Scientific Congress 
in Gottingen, but he did not succeed in arousing any great 
interest. 

The turning-point was Sorby’s classic paper on the micro- 
scopical structure of crystals, published in the Qitarterly 
Journal of the Geological Society in 1858. This paper demon- 
strated the structure of rock-forming minerals with unprece- 
dented accuracy; it compared the natural mineral crystals 
with crystals artificially produced, and finally drew definite 
conclusions regarding the origin of the different rocks. Sorby 
was able to deduce from the presence of fluid, gaseous, 
crystalline, vitreous, and slaggy inclusions in crystals, the 
aquec^us or volcanic origin of certain rocks, and thus brought 
to an end questions which had been for many years matters 
of dispute, and which could never have been solved without a 
precise knowledge of the mineralogical elements and ground- 
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mass of rocks. Sorby’s paper was»no less than epochal in its 
effect, it appealed both to field geologists and to mineralogists, 
for it revealed the community of interest in the results which 
could be obtained by accurate microscopic examination of 
rocks. 

Sorby’s method was applied by Websky, who examined thin 
sections of minerals by polarised light, and attained brilliant 
results. A happy circumstance brought ^^Soiby’s influence 
directly to bear upon Ferdinand Zirkel. In the year 1862, 
while at Bonn, Sorby personally initiated Zirkel into his 
methods of in\%stigation, and inspired him with enthusiasm 
for the new field of research. 

Specimens of crystalline rocks from all parts of the world 
were secured by Zirkel, who submitted them to microscopic 
examination by transmitted and polarised light, and arrived 
at ever sharper definitions of the various inclusions, and the 
appearances displayed in polarised light. By his compre- 
hensive researches Zirkel established Sorby’s methods upon 
a broader empirical basis, and he at the same time introduced 
the new methods in his teaching of petrography at Bonn 
University. ^ 

There were still some incredulous voices : Vogelsang in 
1864 doubted the existence of glassy inclusions in the com- 
ponent ingredients of porphyry, and other rocks of non-glassy 
structure; Laspeyres in the same year also disputed the 
glassy inclusions in porphyritic rocks of Halle, and even 
doubted the distinction between glass and water vesicles. 

The publication of Zirkel’s LeJirbitch der Petrographie 
(Bonn, 1866) may be said to mark the culmination of the 
older methods, and the academical initiation of the new. In 
his text-book Zirkel embraced all that was known about the 
mineralogical and chemical comp( 3 sition, the structure, system- 
atic arrangement, the mode of occurrence and origin of the 
various rocks; he also described the crystallographical results 
which had already accrued from microscopic investigation, and 
indicated the far-reaching advantages opened up by the new 
direction of research. ZirkeFs work removed all doubt 
regarding the value of the microscopic results for systematic 
petrography. , 

Vogelsang, in his Philosophie der Geologic und Mikro- 
skopische Gesieins-Studien (Bonn, 1867), accepted the new 
teaching in full, and added much to the knowledge of the 
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porphyritic series by his careful microscopic investigation of 
the larger mineral constituents and the ground-mass char- 
acteristic of different varieties. Vogelsang’s observations on 
the processes of the consolidation of rock-magma, on the 
microscopical structure of slags, on “fluidalf structure, on 
microhtes, and on conditions of devitrification, are clear and 
accurate. His illustrations are throughout of higji excellence; 
and his proof, given in collaboration with Geissler, that certain 
liquid inclusions in minerals and rocks consist of liquid car- 
bonic acid, is a discovery that will ever remain associated with 
the name of this promising scientist, who unfortunately died 
before he reached his prime. 

Special memoirs were contributed by Ziikel on phonolite, 
on glassy and partially glassy rocks, and on leucite rocks. A 
very important work was his Unfcj’suchung ilhr dk mikro- 
skopische 7 Msammenscizung nnd Sirukiur der Basal/geskine 
(Bonn, 1870), In this work, Zirkel showed for the first time 
that the basalts and the lavas corresponding to them may be 
classified in three groups (felspar, nepheline, and leucite 
basalts), and that each of these three modifications can be 
identified by its constitution and structure, as well as by the 
ground-mass. 

A few months before the appearance of Zirkel’s work 
on basalt, Tschermak had published a short but valuable 
paper on the microscopic differentiation of the minerals 
belonging to the augite, hornblende, and biotite group, and 
thus removed one of the chief difficulties in the identification 
of rock-forming minerals. 

The year 1873 signalised by the almost simultaneous 
appearance of two works, in which the two most distinguished 
masters in the domain of microscopical research comprised 
the quintessence of their infestigations. Under the title, Die 
vtikroskopische Beschaffenheit der Mmeralien und Felsarien 
(Leipzig, 1873), Zirkel gives an introductory code of instruc- 
tions as to the use of the microscope, examination by means 
of polarised light, and the methods of producing faithful 
illustrations. He then describes the microscopical structure of 
rock-forming minerals with special respect to the various kinds 
of inclusions and the products of decomposition. The 
optical and physical characteristics of mineral sections are 
next described; and the results obtained in the earlier 
chapters on minerals are applied in the latter half of the wmrk, 
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which is devoted to the mineral constitution and structural 
features of rock-varieties. The work is fully illustrated by 
woodcuts. 

The other important work was that of Rosenbusch, en- 
titled, Die mfliroikopische Physiographie der petrogi aphisch wich- 
tigen Mineralien (Stuttgart, 1873). It contains an exhaustive 
statement of J:be practical methods according*to which* rocks 
may be identified by means of the morpbpological, physical, 
and chemical properties of their component minerals ; this is 
followed by a full and methodicaf discussion of the microscopic 
characters of rodc-forming minerals. The optical consideration 
of the phenomena of polarisation was elucidated so admir- 
ably by Rosenbusch, that his work created a secure basis for 
future petrographical researches. By the improvement of the 
microscof)e and the polarising apparatus, by the introduction 
of a rotating stage, and by other mechanical aids, it was now 
rendered possible to distinguish not only singly or doubly 
refracting bodies and uniaxial or biaxial minerals, but also to 
determine more, accurately the specific optical properties of 
minerals belonging to the different systems of crystallisation. 
After the publication of this great work, Rosenbusch ^ook 
rank along with Ziikel as one of the great pioneers in the 
microscopical investigation of rocks. In 1877, Rosenbusch 
published a second volume entitled Die mikroskopische 
Physiographie der massigefi Gesteine, 

Rosenbusch distinguished the massive rocks according to 
the felspathic modifications t, Orthoclase rocks ; 2, Ortho- 
clase, nepheline, leucite rocks; 3, Plagioclase rocks; 4, Plagio- 
clase, nepheline, leucite rocks; 5, Nepheline rocks; 6, Leucite 
rocks; 7, Non-felspathic rocks or peridotites. Each of these 
groups was subject to further sub-division according to the 
particular rock-structure, or in the*case of the felspathic rocks 
according to the presence or absence of quartz. Like Zirkel, 
Rosenbusch gave due consideration to the geological age of 
the rocks, as the older and the younger representatives of each 
group were handled separately. 

The optical method brought to such a high point by 
Rosenbusch was still further elaborated by Beitrand, Klein, 
and Lasaulx in memoirs which appeared in 1878. Scli^ister 
proved in die following year that the felspars which had 
been recognised in such a masterly way by Tschermak from 
their composition to be isomorphous mixtures, represented a 
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series of closely-related modifications which could be optically 
distinguished. 

In addition to the service rendered by microscopic methods 
in facilitating the accurate mineralogical identification of 
the chief constituents of rocks, these methods disclosed the 
existence of a considerable number of subordinate mineral 
constituents which had either been wholly overlooked by 
macroscopic resesfrch or had been supposed to be extremely 
rare. 

To mention one example, augite was found to be present in 
granite, porphyry, rhyolite, phonolite, etc TlftS discovery was 
a direct contradiction to previous teaching that certain minerals 
could not exist in association with each other in the same 
rock; amongst other couples quartz and augite, orthoclase and 
augite, leucite and plagioclase, had been said to bemautually 
exclusive. 

Microscopical research made it possible for the first time 
to attain a clear conception of the different kinds of rock- 
structure. The composition and structure of Ae ground-mass 
in hemicrystalline rocks was revealed, and new light was 
thrown upon characteristic structures of glassy rocks, fluxion 
structure, spherulitic and perlitic structure. Hence with the 
aid of the microscope the origin of the crystalline rocks began 
to be better understood, and their relations to the group of 
apparently homogeneous rocks. 

The indifference with which the large body of geologists 
had long viewed the microscopic study of rocks now gave 
place to zealous interest, and from the year 1870 the very 
large number of special papers that were devoted to 
petrological subjects not only filled Mineralogical Journals, 
but occupied a large share of the space in the Journals of 
Geological Societies. The Sudden influx of new literature was 
unprecedented, and it would be hopeless to attempt to men- 
tion individual papers in the present 'work. Between 1870 and 
1880, two-thirds of the publications on microscopic petro- 
graphy belonged to Germany and Austria. Amongst British 
workers Allport, Rutley, Houghton, Bonney, Archibald Geikie, 
Teal], Harker, may be named ; in North America some of the 
pioneers were A. Hague, Whitman Cross, Iddings, G. H. 
Williams, Wadsworth, Lawson. 

The results of these researches necessitated many changes in 
the systematic arrangement of the rocks, and in no group was 
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the influence of microscopic stucV more revolutionary than 
in that of the massive rocks. Zirkel, in 1866, classified the 
massive crystalline rocks mainly upon the basis of the modi- 
fications of felspar, and sub-divided them into five chief 
groups — orthocl^se, orthoclase and oligoclase, nepheline and 
leucite, labradorite, anorthite rocks. The orthoclase and 
oligoclase group was sub-divided into rocks ccgitaining quartz 
and rocks witliout quartz, and the members «of the sub-groups 
were further distinguished by the presence or absence of 
hornblende or augite, or of different modifications of felspar. 
The geological ^ge and the structure (granitic, porphyritic, 
glassy) afforded additional means of differentiation. 

Notwithstanding the great success that attended the micro- 
scopic study of rocks, certain mineral elements could not be 
identified^ by the finest optical methods, and it was felt 
necessary to combine microscopic and chemical investigations. 
Micro-chemical methods were invented for the purpose of 
testing the composition of minute mineral grains; excellent 
memoirs dealings with this branch of research were published 
by Streng, Boricky (1877), Behrens, Haushofer (1883-85), and 
by Klement and Renard (1885). • 

Cordier had in 1815 introduced a mechanical means of 
separating the fine particles of mineral matter by reducing 
them to pow^der, washing the powder with water, and allowing 
the mineral particles to subside according to their respective 
specific gravities. An additional device for the isolation of 
the fine particles was communicated in 1875 Fouque, 
who pulverised specimens of the Santorin lava and then 
used a strong electro-magnet to attract the mineral particles 
containing iron. 

A more signal improvement in mechanical means of isolation 
had been suggested m 1862 by Count Schaffgotsch, and 
afterwards by Church. It was proposed to introduce finely 
powdered mineral matter into a saturated chemical solution, 
such as the solution of iodide o-f mercury and potassium, 
prepared by Thoulet, and to shake the mineral powder in 
the solution, so that the particles which are heavier than the 
solution will sink to the bottom while the lighter particles will 
float. By diluting the original solution, or using other solu- 
tions of given density, the particles can be obtained successively 
according to their specific gravities. Since Thoulet conducted 
his experiments, solutions of greater density have been pro- 
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posed by Klein, Breon, Rdtirbach, and others, and have been 
used for the purposes of separation. 

The important results of microscopical and micro-chemical 
search were incorporated in the Geinian text-books of Lasaulx 
(1875) and O. Lang (1877); while the admirable work of 
Rosenbusch more especially gave an impulse to the study of 
petrography in- other countiies. In France, two illustrious 
petrographers, Fouque and Michel-Levy, adopted the improved 
methods and advanced scientific research by many valuable 
contributions. From the year 1873, devoted themselves 
to the artificial preparation of silicates, and made a comparison 
of the artificial products with the natural occurrences in rocks; 
while Fouqud developed principally the crystallographical 
aspects of microscopic investigations, Michel-Ldvy devoted 
himself more to the microscopic study of the petrographical 
relations. In 1879, their conjoint work on the French Eruptive 
Rocks appeared in the form of an explanatory text to the 
detailed geological map of France. 

In this work MM. Fouque and Michel - Levy followed 
the general arrangement of the Microscopic Fhysiography of 
Rosenbusch. The French authors distinguished original and 
secondary minerals in rocks ; the former are said to be present 
sometimes as essential, sometimes as accessory constituents; 
the secondary are sub-divided according to the time of their 
generation into two main groups, and these are again divided 
into sub-groups. The rocks are classified with respect to their 
origin, their geological age, their mineralogical composition, 
and their structure. The massive rocks of pre-Tertiary epochs 
are held distinct from those of Tertiary and recent ages, and 
certain differences are indicated between them. MM. Fouqud 
and Michel-Ldvy recognise two leading types of structure among 
the massive crystalline rodcs, the granitoid and trachytoid; 
these terms almost correspond to the use of the terms 
granular-crystalline, and porphyritic in the works of the 
German petrographers. 

The French authors bring into pre-eminence the mutual 
development attained by the several elements in the rocks. 
Their special study of this feature has led them to believe 
that,.many massive rocks give evidence of the generation of 
crystals or crystalline material in successive phases of consolida- 
tion. In both the granitoid and trachytoid types, the larger 
crystals are generated during the Jfirst phase of consolidation. 
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A second phase of consolidation is marked by the generation 
of smaller crystals of microlites or a microlitic ground-mass. 
The development of crystallites and ground-mass at this phase 
is limited to trachytoid rocks. 

In the case of granitoid rocks the consolidation is complete 
at the close of the second stage, but in the case of trachytoid 
rocks there follows still a third phase characterised by processes 
of alteration ^in the crystals and matrix already formed, and by 
the constitution of a micro-felsitic, microlitic or glassy ground- 
mass. • 

For the identification of the individual rock-varieties MM. 
Fouqu6 and L^vy regard the felspars of primary import- 
ance ; subordinate means of identification are afforded by the 
magnesia - iron silicates (mica, hornblende, augite, diallage, 
hypersth^ne, peridote). The work concludes with a detailed 
description of the rock-forming minerals. In France, the 
Fouqu6-Levy system has held an authoritative place in the 
teaching of petrography. 

A second edition of his Mikroskopische Physio graphic der 
petrogr aphis ch wic/iiigcn Miner alien was produced by Rosen- 
busch in 1885. Rosenbusch had practically re-writter^ this 
work, and made it an exhaustive compendium of all the results 
obtained by microscopical, crystallographical, and micro- 
chemical methods. The optical phenomena of crystallography 
were discussed with the utmost care. In the first edition 
Rosenbusch had advanced microscopical research by the intro- 
duction of new apparatus, in the second he was able to add 
many valuable mineralogical results of the improved means of 
research. He also gave full and precise instructions regarding 
the use of the microscopic methods, so that by following the 
directions given in this work any earnest student might become 
a proficient crystallographer and n^ineralogist. 

In 1888, Michel-L^vy and Lacroix published Les Mineraux 
des Roches^ a work which provides an excellent general account 
of all the physical and optical properties of rock-forming 
minerals, and, like that of Rosenbusch, gives full directions 
for the optical examination of thin sections, and for all micro- 
chemical means of identifying mineral fragments. The French 
authors relied in many cases on the crystallographical investi- 
gations of Descloiseaux, and also incorporated many of the 
methods and results of Rosenbusch. 

Although Sorby had been the great pioneer of modern 
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petrography, the geologists Great Britain were not to the 
front in continuing and advancing the new line of research. 
It was not until Zirkel and Rosen busch in Germany, and Fouqu^ 
Michel-Levy, and Lacroix in France, had elaborated the new 
system of research, and spread its teaching in the universities 
by their text-books, that Great Britain took a more animated 
part in the pursuit of petrography. 

In 1888, Mr. Frswik Rutley published a book on^Rock-f arming 
Minerals^ in which he described the optical and chemical 
properties displayed by the different minerals on microscopic 
investigation. In the same year a book on BriUsh Petrography 
was published by Mr. J. J. Harris Teall. The chief purpose of 
the handbook was to bring the newest methods and results 
of petrological research within the reach of a large circle of 
British students and geologists. The work deals ^vith the 
eruptive rocks that occur in Great Britain; it begins with a 
lucid discussion of ground-mass and the rock elements that can- 
not be miner alogically identified. Frequent reference is made 
to the investigations of Sorby and Vogelsang. The chemical 
composition of the eruptive rocks is fully treated, having 
resp^t to the researches of Bunsen. In discussing rock- 
texture, Mr. Teall attributes great importance to the size and 
development of the individual mineral components. The 
features enumerated as valuable for the systematic arrange- 
ment of the rocks are (i) the chemical composition, (2) the 
mineralogical composition, (3) the texture, (4) the occurrence, 
(5) the origin, (6) the geological age, (7) the locality. As, 
however, the chemical composition cannot be judged from a 
hand-specimen, Mr. Teall applies the mineralogical composition 
as the primary means of classification, and uses texture for the 
differentiation of sub-groups. The work concludes with very 
valuable remarks on the origin and the nxetamorphoses of the 
crystalline massive rocks. 

During the same year Rosenbusch published a second edi- 
tion of his Mikroskopische Physiographic der massigen Gesfeine. 
Ill this edition he entirely withdrew his former principle of 
classifying the rocks primarily on the basis of their mineralogi- 
cal composition. Laying down as a fundamental principle 
that .*a natural classification of the rocks ought to reflect the 
genetic relations, Rosenbusch contended that rock-structure 
offered the most reliable basis for the construction of a natural 
system of the massive rocks. He pointed out that the struc- 
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ture of the eruptive rocks is dependent upon the conditions of 
their geological occurrence, and classified them accordingly in 
three chief groups : deep-seated or “ plutonic ’’ rocks, intru- 
sive or “d}ke” rocks, and eruptive flows or sheets.” This 
new standpoint assumed by Rosenbusch re-acted upon the 
whole newer development of petrography. By subordinating 
in his new system all considerations of tip chemical and 
mineralogical composition, and the geological age, to the 
mode of occurrence of eruptive rocks im nature, Rosenbusch 
removed as it were the final jxidgment of petrography from 
the laboratory W:o the field. The petrographer was made to 
feel that the microscope and chemical re-agents were to be 
regarded as aids to field observations, but that systematic 
interest was to be concentrated upon the problems dealing 
with ro^k-structure in its relation to particular conditions of 
stratigraphical occurrence. In this direction original research 
seemed to give most promise of enlightenment in the imme- 
diate future. 

Rosenbusch introduced a number of new descriptive terms, 
holocrystalline, hemicrystalline, hypidiomorphic, panidio- 
morphic, etc., for the pm pose of defining all structural njodifi- 
cations with scientific accuracy. According to Rosenbusch, 
the deep-seated eruptive rocks are all distinguished by holo- 
crystalline and hypidiomorphic granular structure. They have 
originated at great depths of the crust by slow processes of 
cooling and consolidation. He divides them into sub-groups 
which are based upon the presence and relative amount of 
quartz and felspar; in this respect, therefore, Rosenbusch 
adopted the system of MM. Fouqud and Michel-Levy. 

Rosenbusch includes in his group of intiusive rocks those 
eruptive masses which occur in the form of typical dykes, yet 
are to be regarded only as paijiicular facies of deep-seated 
eruptive rocks, and may probably be associated with the latter 
in their genesis and their distribution in the crust. The intru- 
sive group is sub-divided into three series — a granitic, a 
syenitic, and a dioritic, whose characteristic types of structure 
are quite independent of their mineralogical composition. 

Porphyritic structure is said by Rosenbusch to be character- 
istic of eruptive sheets; the constituents belong to atjeast 
two successive generations. He thinks it probable that the 
older constituents represented by the larger crystalline ele- 
ments are intra telluric in origin, and may have formed at 

23 
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great depths previously to surface eruption of the magma ; 
^^hcreas the younger and minute mineral elements probably 
oiiginated during the epoch of eruption. With the outflow 
of a glowing rock-magma at the surface, and the escape of the 
water vapours, the chemical constitution of tlie rock-material 
is charged. The structure of the ground-mass is holocrystal- 
linc, hemicrystailine or glassy, according to the more rapid or 
slower cooling of t^e magma. * 

Rosenbusch sub-divides the rocks of eruptive flows into 
pahcovolcanic (porphyry, porpfiyrite, augite porphyrite, mela- 
phy>*e, and picrite porphyrite) and neovolcanic (liparite, trachyte, 
phonolite, andesite, basalt, etc.). Some of the older flows, 
such as the diabase porphyrite and picrite porphyrite, resemble 
granitic-porphyritic intrusive rocks so closely that they seem to 
bear the same relationship to them which the Epical intrusive 
rocks bear to the plutonic or deep-seated masses. They may 
be distinguished from true eruptive flows by the absence of 
tuffs. 

The new classificatory scheme of Rosenbusch showed quite 
clearly that he had been strongly influenced by the views of 
AIM.'^Fouqud and Michel-Levy, and these two French petro- 
graphers felt it incumbent to declare the position they assumed 
towards it. In 1889, Michel-Levy discussed the work of 
Rosenbusch in a special memoir, agreeing with many of its 
principles, but disputing others. Regarding the sub-division 
of the eruptive rocks into deep-seated masses, intrusions, 
and flows. Levy points out that the intrusive group is quite 
artificial and untenable, as intrusions may either take the 
form of narrow vertical dykes or almost horizontal sheets or 
'‘sills.’’ He also contests the conclusion of Rosenbusch that 
only one generation of the crystalline constituents took place 
in the deep-seated rocks, •a group which almost precisely 
corresponded with the granitoid group of MM. Fouqu(§ and 
Levy. 

In Michel-Ldvy’s opinion, the geological aspects and associa- 
tions of the eruptive rocks, as well as the geological age, have 
too little connection with the structure of the rocks to provide 
a good basis of classification. Michel-Levy cites cases where 
rock's belonging to the “ deep-seated group ” of Rosenbusch, 
e.g., granite, ophite, and gabbro, occur in the form of eruptive 
sheets. According to Michel-Levy, the different types of 
structure in eruptive rocks are due to variations of temperature 
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and pressure, and the satuiation the magma with gases and 
heated vapou»rs. The latter play the chief role in the acid 
rocks, producing pegmatitic, micro-pegmatitic, and other 
structural types, and also determining a definite sequence of 
eruption. On the other hand, the structure of the basic rocks 
depends almost exclusively on temperature, i.e.^ on the. greater 
or less rapidity of the process of cooling. • 

After this adverse criticism of the classification advanced by 
Rosenbusch, Michel-Levy proceeds to discuss the varieties 
of rock-structure, and shows the frequent agreement between 
the views of Rosenbusch and his own ; he also points out 
that the differences of nomenclature are more apparent than 
real, and tries to bring the French and German terminology 
into" harmony by means of a list of synonyms. In most cases, 
Michel 4 ^dvy claims the priority for his own terms. 

Only a few minerals come into question in the composi- 
tion of eruptive rocks. Fouque and Michel-Levy had classed 
these minerals as original and secondary, sub-dividing the 
secondary minerals in groups corresponding with the order of 
formation. According to Rosenbusch, there are just two 
fundamental laws controlling the order of formation — tlm one, 
that the magma is always more acid than the sum of the 
mineral constituents already solidified in it; and the other, that 
the separation of the elements which occur in less profusion 
has generally been concluded before the separation of the 
more richly distributed elements takes place. Michel-L^vy 
questions the correctness of these laws, and makes an elaborate 
inquiry into the order of separation of the mineral con- 
stituents. He devises a code of symbols by which the 
structure, composition, and genesis of the massive rocks may 
be represented by a short formula ; and finally arrives at the 
conclusion that the classificatioft and the nomenclature of 
eruptive rocks must be kept free from any hypothesis re- 
garding their origin, and consequently that structure and 
mineralogical composition form the only basis of a rational 
classification. 

Zirkel assumed a similar standpoint in the second edition of 
his Lehrbuch der Petrographie (1893-94). This large three- 
volume work is the only complete handbook of petrogmphy. 
Alhvarieties of eruptive, schistose, and sedimentary rocks are 
treated according to their macroscopic, microscopic, and 
chemical constitution, their structure, and their geological 
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occurrence. The diction is* clear, the previous literature of 
petrography has been completely mastered, and ks results are 
fully incorporated, the historical development of the different 
branches of the study being carefully indicated throughout the 
work. The lack of illustrations has been dcplpred by many, 
but the^addition of plates would have rendered the work much 
more expensive. • 

The first volume begins with a detailed account of all 
methods of investigation applied in modern petrography. 
Rock-forming minerals are then described according to their 
morphological, optical, physical, and chemical properties so 
far as these are important for petrography. In discussing the 
structure of rocks, Zirkel frequently dissents from the 
terminology of Rosenbusch ; at the same time he endeavours 
to establish the terms which had been applied in kis own 
text-book. 

The special petrographical part of the work starts with the 
treatment of the massive rocks formed by the cooling and 
consolidation of molten magmas. The geological occurrence, 
the composition, the niacroscopical and microscopical features 
of tl’feir structure, are elucidated. The difficult questions 
concerning ground-masses are then brought forward, and 
finally the laboratory experiments are described by means of 
wliich chemists and geologists have tried to produce different 
kinds of massive rocks artificially. 

Zirkel contests the principle of classification adopted by 
Rosenbusch, and adduces weighty arguments to show that the 
group of ^‘intrusive” or “dyke” rocks is intenable. He 
adhcies to the principle of mineralogical composition as the 
true basis of classification, and draws up a Classification Table 
on the same lines as he had followed in the first edition of 
his text-book. Zirkel’s sutTdivisions agree in many respects 
with those of Fouque and Michel- L^vy. Taking the felspathic 
constituents as the chief standard, Zirkel distinguishes two 
felspar-bearing groups, a potash-felspar group, and a soda-lime 
felspar group; also a third group, free from felspar, and 
comprising the nepheline, leucite, melilite rocks. 

Like Michel-Levy, Zirkel distinguishes two leading types of 
structure: r, uniformly granular; 2, porphyritic and glassy 
rocks. Deep-seated rocks of various geological ages belong to 
the granular or granitic type; while eruptive flows may be 
cither porphyritic or glassy, and they may be sub-divided 
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according to age as pre-Tertiary fPalseovolcanic), and Tertiary 
and Post-Tertnary (Neo volcanic). 

The second and third volumes of the text-book are devoted 
to an exhaustive description of the individual varieties of 
massive and s^^histose crystalline rocks and the sedimentary 
rocks. , 

Zirkel’s text-book will always remain a fundamental work 
in petrography. While the macroscopif! methods of the 
older teaching are still predominant in the first edition of the 
work, the second edition is”' at once a frank and full 
acknowledgment of the petrographical reform necessitated by 
microscopic and micro-chemical methods, and a convincing 
witness of the rapid and remarkable success which had 
crowned the labours of petrographers in the new field of 
researclf. 

During the last few years the discrepancy between the views 
of Zirkel and Rosenbusch has increased. Rosenbusch, in the 
third edition of his Physiographie der massigen Gesteine (1896), 
and also in his Plementen dc 7 - Gesteinslehre has adhered 

to the standpoint which he assumed in 1888, and has rejected 
ZirkeFs objections. The differences between the two l( 5 ading 
German petrographers refer in no sense, however, to the 
methods of investigation, but expressly concern the inductive 
conclusions at which they have arrived regarding the genesis 
of the eruptive rocks, and the best system of classification. 
The rapid progress of petrography is one of the greatest 
acquisitions made to science during the latter half of the 
nineteenth century, and has elevated petrography to the rank 
of a thoroughly established branch of natural philosophy. 

As the microscope revealed more and more fully the fine 
structure and microscopic elements of rocks, the traditional 
conceptions of geologists regarding the origin of the rocks 
were gradually undermined. The old strife between Plutonists 
and Neptunists had collapsed when the Neptunists admitted 
the volcanic origin of basalt and the ‘‘ trap ’’ series of rocks. 
The handsome monograph published by C. C. von Leon- 
hard in 1832 had conclusively proved the agreement of 
basalt with true volcanic rocks, both in the geological 
occurrence oT the basalt and in the contact pheneftnena 
produced at its margins. Thanks to the observations of 
Humboldt, Buch, Poulett-Scrope and others, not only was 
the volcanic origin of basalt, trachyte, trap, porphyry, mela- 



342 HISTORY OF GEOLOGY AND FAL^ONTOLOGY. 

pliyre, phonolite, and related rocks generally recognised, 
but also Huttonian views respecting the plutcfiiic origin of 
the granite-grained massive rocks became more widely 
accepted. 

Nevertheless, new objections were raised against the 
pyrogeivetic origin of the granite-grained rocks. Keilhau 
asserted in his nvork on the “transitional foripations” of 
Norway that the gf^nite in that area had originated from the 
conversion of clay slates. The Munich chemist, Johann 
Fuchs, in 1837 attacked the doctrine of pyrogenetic origin in 
a seiies of papers entitled Ueber die Theories der Erie. He 
pointed out that fusion experiments had never succeeded in 
reproducing granitic rock artificially, even although individual 
elements of the rock had been obtained; further, minerals 
having different melting-points were present in gramte, yet 
these minerals had not consolidated from the magma in the 
order that corresponded with that of their fusibility, therefore 
he argued it was absolutely erroneous to suppose that granitic 
rock had formed merely as the result of sIqw cooling and 
consolidation. Fuchs advanced the view that granite, and the 
granitfbid rocks generally, had consolidated from an amorphous 
magma saturated with water. 

In 1845, Schafhautl succeeded in reproducing quartz 
aitificialiy by the application of superheated water in a Papin 
crucible, and this result seemed to confirm Fuchs’ views. On 
the other hand, Fournet, in 1844 and 1847, pointed out that 
there were certain conditions under which the fusing-points of 
substances were lowered to temperatures much below the 
points at which they usually solidified. In papers written 
about the same time, Durocher, referring for support to 
Fournet’s Theory of surfusmi^ supposes a mass of granite to 
be originally a homogeneous magma, which can remain fluid 
until the fusion temperature of felspar is almost reached. 
At about 1500"* C. the separation of felspar, quartz, and 
mica begins, and the different minerals solidify according to 
their tendency to crystallisation. Durocher thinks the later 
formation of quartz crystals might in this way be explained, 
since felspar passes more readily than quartz from the viscous 
to the solid state. 

Scheerer, the illustrious chemist and geologist, offered 
formidable objections to the purely pyrogenetic origin of 
granite in a memoir published in the Buiiefm of the French 
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Geological Society in 1847. His cjiief arguments were: (i) the 
occurrence of separated quartz; this, according to Scbeerer, is 
impossible in the case of consolidation from a fluid mixture of 
silicates; (2) the order of succession in the separation of 
felspar and qu»,rtz ; Scheerer ascribes no weight to Fournet’s 
“surfusion” theory, which supposes that quartz can remain 
longer in solution than the more easily fusibk felspar, as this 
is a hypothesis which has not been tested^ experimentally for 
silicate mixtures ; (3) the presence of so-called pyrognomic 
minerals (orthite, gadolinite), whose physical properties are 
altered at comjtiratively low temperatures. 

Scheerer also drew attention to the fact that water is held 
in chemical combination with several of the constituents of 
granite. This water he regarded as originally present in the 
magma kom which the granite solidified. But if the magma, 
as might be safely assumed, was subjected to high pressure, 
which prevented the escape of the superheated water, then 
very probably the influence of the water might enable the 
granite magma cto remain fluid at temperatures much low'er 
than would be the case under the influence of dry heat. 
When solidification set in, the minerals with the strongest 
tendency to crystallise were the first to separate from the pasty 
granite mass, and the water concentrated itself in the remaining 
ground-mass, which always became more acid, and owing to 
the superfluity of water the separation of quartz and the 
pyrognomic minerals might under some circumstances be 
suspended until the temperature of the mass was below that 
of a red heat. 

Although Durocher still upheld the pyrogenetic origin of 
granite against the objections raised by Scheerer, the hydato- 
pyrogenetic or aquo-igneous doctrine ©f Scheerer rapidly gained 
ground in literature. Probably its strongest antagonist was 
Bischof, whose explanation of the origin of granite, syenite, 
porphyry, and even basalt, showed a reversion to Neptunistic 
teaching. In the second volume of his Physical and Chemical 
Geology (1851), Bischof, after a full discussion of the rock- 
forming minerals, came to the conclusion that all except 
augite and leucite could take origin from aqueous solutions 
without increased temperature and under normal pressure, 
and that their origin from fused rock-masses was quite excep- 
tional. Moreover, the resemblance between the composition 
of many eruptive rocks and that of certain sedimentary locks 
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(slate, greywacke), as well the interbedding of granite with 
gneiss and sedimentary schists, led Bischof to «agree with the 
opinion of Keilhau (1825) and Virlet d’Aoust (1846), that 
granite and syenite represented altered clay slates. Diabase 
and even melaphyre and basalt were regarded by Bischof as 
shales and clays, poor in silica, and altered by the agency of 
water. m 

C. W. C. Fuchs, in 1862, supported Bischof^s views in a 
valuable treatise on the niineralogical and chemical constb 
tution of the granite in the Harz mountains. He regarded 
the granite as a product of the alteration of sedimentary grey- 
wackc by means of water, hornstone being formed in the 
cailicr phases of alteration, and granite during the later 
phases ; these two rocks were connected by a transitional 
seiics of alteration products. 

A serious objection to the pyrogenetic origin of granite was 
advanced by H. Rose in 1859. He showed that after fusion 
quaitz passes into an amorphous modification of silica, thereby 
changing its specific gravity from 2.6 to 2.2. As the quartz in 
granite and granitoid rocks always has a specific gravity of 
2.6, i^ seemed impossible to suppose it had merely separated 
from a dry fused mass. 

The aquo-igneous origin of granite suggested by Scheerer 
on theoretical grounds was soon to receive an experimental 
conformation. Struck by the peculiar changes which sedi- 
mentary deposits underwent in contact with, or in the near 
vicinity of, eruptive rocks, Professor Daubree attempted to 
show that neither heat alone, as Hutton had supposed, nor 
vapours and gases would suffice to call forth these changes, 
but that superheated water under great pressure was the most 
important agent in the metamorphism of rocks. To prove this 
hypothesis, Daubree in 1857 conducted a series of very 
instructive experiments. A glass tube partially filled with 
water, and hermetically sealed at both ends, was placed in a 
strong iron tube, which was then closed and exposed to a 
temperature slightly below red heat. After a few days the 
glass tube was attacked; in parts of it a finely laminated 
slructuic was induced, and the whole tube was transformed 
into Ewzcolitic mineral, in virtue of the removal of silica, alumina 
and soda, and the addition of water. Innumerable small crystals 
of quartz formed; microlites and diopside crystallites developed 
in abundance in the less violently attacked parts of the tube, 
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and spherulitic structure was present in some places. In other 
experiments w4iere Daubree applied superheated steam, he 
obtained orthoclase and a micaceous substance. These ex- 
periments gave convincing evidence that the constituents of 
granite could be. of aquodgneous origin. - 

Almost simultaneously with Daubree’s investigations,^ Sorby 
was engaged in microscopic examination of -thin sections of 
granite. He demonstrated, in -1858, the presence of water 
vesicles in quartz, and concluded that the granite magma had 
been saturated with water and h"ad solidified under great pres- 
sure at a temperature not above a dull red glow. Delesse, 
in 1857, drew attention to the great differences between the 
phenomena of contact metamorphism produced by granite and 
those produced by lavas, and argued from his observations 
that the •granites had not solidified from a state of dry fusion, 
but from an eminently plastic magma, whose plasticity was due 
to the presence of water under high pressure. The theory of 
the aquo-igneous origin of granite, and of the granite-grained 
massive rocks gejnerally, began to win wider credence in geo- 
logical circles. 

The rapid progress made by microscopic research afte« the 
year i860 entirely disproved all theories which had assumed 
an aqueous origin for porphyritic rocks. Examination of 
thin sections showed conclusively that basalt, phonolite, 
trachyte, porphyry, etc., were identical in internal structure 
and composition with true volcanic lavas. Corroborative 
evidence was afforded by the experimental researches which 
were conducted, more especially in France, with such eminent 
success. The attempts to reproduce rock forming minerals 
artificially proved that the majority of the constituents in the 
granitic rocks, such as quartz, orthoclase, microcline, potash 
mica, tourmaline, hornblende, coflld be solidified from fused 
materials by the admixture of water vapours, chlorine, and 
other solvents, whereas the minerals occuiring in volcanic 
and porphyritic rocks, such as olivine, augite, enstatite, 
hypersthene, wollastonite, the plagioclase varieties, melilite, 
nepheline, leucite, magnesia mica, garnet, magnetite, spinel, 
haematite, tridymite, etc., could solidify from a state of dry 
fusion. • 

In the year 1878, the efforts of Fouque and Michel-LeVy to 
reproduce eruptive rock without the aid of superheated water 
were at last successful. The chemical elements were placed in 
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a platinum crucible and fu^ed ; *the fused mass was then sub- 
jected for forty-eight hours to a temperature nearly that of the 
fusing-point, the material being afterwards allowed to cool 
slowly. According to the ingredients that were introduced, 
consolidated lock-material agreed complet^y with certain 
augite-andesites, leucite and nepheline rocks, and contained 
the majority ofc the minerals composing these ^rocks in the 
form of well-devel©ped crystals. 

Inasmuch as these important results showed that the por- 
phyritic series of rocks could'" originate merely by the cooling 
of a molten magma, they tended to wuden the gulf between 
the porphyritic and basaltic, and the granite-grained series. 
P'avour was given to HuttoiYs assumption that the latter owed 
their distinctive characters to their subterraneous origin under 
great pressure, and the Huttonian conception was made even 
more emphatic by Rosenbusch in his classification of 1886, 
Further confirmation was given by Gilbert’s description of 
intrusive masses of rock, so-called “ laccolites ’’ {ante^ p. 274) 
between sedimentary strata in the Henry moiuntains ; and also 
by Reyer’s investigations on massive flows and local differences 
in tl>e mineralogical composition and the texture of the con- 
solidated rock. 

After the principle of the eruptive origin of the crystalline 
massive rocks had been firmly established, the interest of 
petrographers was directed to the investigation of the chemical 
constitution of the rock-magmas and the processes effecting 
their consolidation. The chemistry of rocks had been greatly 
advanced by the researches of Abich, Delesse, Bischof, 
and especially by Bunsen. As has been already mentioned 
{ante^ p. 328), Bunsen concluded from his examination of the 
igneous rocks of Iceland that all the eruptive rocks of that 
island in their composition presented either a normal trachyte 
magma or a normal pyroxene magma, or a mixture of these 
tw'o varieties of rock-magma in varying proportions. According 
to Bunsen, it is possible by means of a simple formula, being 
given the amount of silica present in such a mixed rock, to 
reckon the amount of the normal trachytic and normal pyro- 
xenic material present in the rock. Streng, Kjerulf, and others 
accepted Bunsen^s conclusions and tried to apply them gene- 
rally to all eruptive rocks. 

Sartorius von Waltershausen explained (1853) the chemical 
difference of the Iceland eruptive rocks, not upon Bunsen’s 
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theory of their origin from two diffej^ent subterranean localities, 
but upon the assumption of their origin at different depths of 
the crust. He held as a general principle that subterranean 
magmas are distributed in the crust according to their specific 
weight, the lighter magmas rich in silica occupying the crust- 
cavities in the hi^er zones, the heavier basic magmas occurring 
at lower horizons. Durocher, in 1857, gave a similar exf)lana- 
tion of the chemical and mineralogical differences in rock- 
magmas. 

On the other hand, Poulett-Sc?rope (1825), Darwin (1844), 
and Dana (1849^ attributed the varieties of eruptive rocks to 
the subsequent division and differentiation of a homogeneous 
primitive magma. Justus Roth (1869) also regarded all 
plutonic rocks as having been derived from a uniform 
primitive«magma, and explained their present differences of 
constitution as a result of the different rates of cooling, 
Iddings more recently remarked on the fundamental mineral- 
ogical affinity of the different rock varieties in an eruptive 
district, and compared such resemblances with the blood 
relationships of organisms. Although most geologists at the 
present day incline to the opinion that the different facias of 
eruptive rock represent portions of a single primitive magma, 
there is still great variance of opinion regarding the mode of 
division and differentiation. 

The experiments of Spallanzani, Hall, and Bischof showed 
that by means of regulating the process of cooling, or by 
the application of different degrees of pressure, fused silicate 
mixtures could be obtained in glassy, slaggy, or crystalline 
rock-form. By Daubrde’s experiments it was ascertained that 
the conditions requisite for the artificial reproduction of 
granite-grained eruptive rocks were a moderate temperature 
and the presence of water vapour* Again, the experiments of 
Fouque and L^vy seemed to show that the younger eruptive 
flows with porphyritic structure had solidified slowly from an 
igneous magma. It has proved a very complex and difficult 
question to find out what determines the particular sequence 
in which the rock-forming minerals separate from a viscous 
magma. Fournet and Bunsen showed that the minerals by 
no means separated from the magma in the order of Jheir 
fusing-points. After various attempts to solve the problem by 
direct methods, it was then approached indirectly: keeping in 
view the essential constituents of any particular rock, attempts 
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were made to separate fron^them any mineral elements which 
were foreign to the rock, or had come into the# magma before 
it solidified, and also all secondary elements which had formed 
after the consolidation of the rock during the processes of 
internal decomposition or interaction. ^ 

P2xcellent work has been done in this field of research by 
Rothj'Bischof, Pelesse, Zirkel, Broegger, and Iddings. 

(Certain principles are usually inculcated regarding the 
sequence in which the minerals take origin during the passage 
of a magma from the viscousTo the solid state, but the prin- 
ciples are by no means always applicable, and have therefore 
frequently been contested. Minerals which have crystallised 
with the most complete and perfect form have usually been 
regarded as the first-formed, while those which appear to 
have been checked in their proper development others, 
have been regarded as of later formation. Again, minerals 
that are enclosed within other minerals are usually taken to 
be older than the enveloping material, yet cases are cited 
where they are really younger, having separp,ted out from a 
portion of the magma enclosed within the developing mineral. 
jMingrals without any inclusions for the most part belong to 
the first generation of solid material. If two minerals occur 
as intergrowths with one another, contemporaneous generation 
is indicated. In rocks with porphyritic structure the larger 
mineral forms are as a rule older than the ground-mass. 

It was in accordance with these principles that Fouqud 
and ISIichel-Levy first distinguished different generations of 
minerals, and used the number of the mineral generations as a 
distinguishing feature between rocks of granitic and porphyritic 
structure. Through a large number of individual observations 
it has been possible to determine genetic series for the rock- 
forming minerals. Certais minerals, such as magnetite, 
titanite, rutile, apatite, zircon, spinel, olivine, belong generally 
to the earliest products of separation, preceding the augites, 
hornblendes, felspars, and quartz. Rosenbusch holds the 
opinion that in the deep-seated^ rocks, at any one interval of 
time, there is only one kind of mineral separated from the 
magma. The periods of formation for the different constituents 
succ(;ed each other so that either those of one kind do not form 
until the complete separation of the preceding kind; or much 
more frequently, a younger constituent in order of separa- 
tion begins to form a certain time before the com|dp:ion of the 
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next oldest constituent. In general, solidification begins with 
the crystallisation of the ores and accessory constituents, then 
follows the formation of the coloured silicates (olivine, mica, 
augite, hornblende, etc.), then that of the felspathic minerals, 
and finally that of free silica. In the rocks of eruptive flows 
the more basic constituents crystallise out before the less basic, 
so that at any period during the consolidation ^the sum df the 
constituents a’^ready crystallised out from th^ magma is more 
basic than the remaining portion of the magma. Mr. Teall 
assumes that in the rocks with a large or medium amount of 
silica, the dissok^ed constituents represent a so-called “eu- 
tectic ” mixture, and as such can remain unchanged at a 
temperature which is below their melting-point. But if they 
do not occur in the definite eutectic relations, the overplus 
of substr^ices continues to separate out until the eutectic 
mixture is attained. 

In an important memoir (1887) on the crystallisation of 
igneous rocks, I.agorio classified the porphyritic flows accord- 
ing to the amount of silica in five grades, and gave the results 
of chemical analyses of the ground-mass. Pie arrived at the 
conclusion that the separation of the minerals in an erugtive 
magma depends almost entirely on the chemical composition 
of the magma, as well as on the affinities and internal move- 
ments within the mass ; whereas pressure and high temperature 
exert only a subordinate influence. 

Iddings in 1889, in a paper on the same subject, expressed 
views in many respects similar to those of Lagorio, but 
ascribed greater importance to the influences of pressure and 
temperature m regulating the rate and processes of cooling; 
he thinks the local conditions of pressure and temperature 
mainly determine the structural differences which often exist 
at different portions of a continuous mass of eruptive rock, 
and explain why a superficial portion may display porphyritic 
structure while the deep-seated portion is granite-grained. 

There are abundant examples of transitional rock-varieties 
in eruptive bosses and sheets. As far back as 1852, Delesse 
showed that the Ballon d’Alsace in the Vosges mountains 
consists of hornblendic granite in its central portion and its 
summit, but towards its peripheral portions passes into sygnite 
and finally into diorite. More recently, in 1887, similar facts 
were demonstrated by Bairois in his brilliant account of the 
eruptive r<^s in Brittany. The researches of Barrois have 
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already become classic; generally speaking, they go to ‘show 
that the mineralogical character of the str;^tified rocks as 
affecting the conduction of heat and the relative pressures 
between the bedded rocks and the intruded igneous rock- 
material, influenced the subsequent processes^ of consolidation 
in the latter, and determined the orientation of crystals and 
the rnodificatigns of structure. 

In many active, and extinct volcanoes, it wouTd appear that 
the character of the ejected rock-material gradually alters with 
each successive eruption, so fhat the first and the last products 
of eruption represent the extremes of a petragraphical series. 
In the Rocky mountains, and in the Sierra Nevada, Baron von 
Richthofen (1868) recognised a definite sequence of propy- 
lite, andesite, trachyte, rhyolite, and basalt, and his observa- 
tions have since been confirmed by American geologists. The 
more recent works of Professor Broegger on the eruptive dis- 
trict of Southern Norway have extended the observations so 
ably initiated by Baron von Richthofen. Professor Broegger 
has given an admirable exposition of the eruptive rocks in 
that district with respect to their mineralogical, structural, 
and^ chemical constitution, their geological occurrence, their 
eruptive sequence, the division and differentiation of the 
original magma. 

In the year 1890, Professor Broegger contributed a paper 
to the Zeitschrift filr Krystallographie und Mme/alogie, in 
which he sub-divided the eruptive rocks in the neighbourhood 
of Christiania into two chief series, an older and a younger, 
the younger containing only basic intrusive rocks (diabases), 
the older comprising very different acid and basic rocks, which 
may be again sub-divided into five groups according to their 
mineralogical and chemical composition. All the products of 
this older group form a transitional series of rocks passing 
petrographically into one another, and closely related chemi- 
cally. They have clearly proceeded from an originally con- 
tinuous molten ^mass which has been segmented, and has 
undergone differentiation into several rock-types. The oldest 
members of the genetic series are basic, the youngest strongly 
acid. In the opinion of Broegger, the original magma was an 
aquo-igneous solution of silicates, and rich in soda. Towards 
the close of the Devonian epoch, the first fissure eruptions 
took place, the magma being still fairly basic, and these were 
succeeded from time to time by outbreaks of increasingly acid 
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The various magmas solidified sometimes under- 
ground as laccglites, sometimes as dykes, sometimes as super- 
ficial flows, and induced contact-metamorphism of diverse 
characters. Broegger could not determine any definite 
sequence in the separation of the component minerals, but 
was able to add Inany observations bearing upon this point. 

A later publication by the same author js entitled fKt 
Eniptive Roc^s of the Christiania District^ a^d comprises two 
volumes. The first, published in 1894, is devoted to the 
rocks of the Grorudite - Tingus?ite series. Broegger thinks 
these take an inti^rmediate position between deep-seated bosses 
and eruptive flows, and represent members of a connected 
series of protrusions from the same magma, which either 
solidified underground in massive form or occupied crust- 
fissures. * 

The second volume, published in 1895, instituted a com- 
parison between the succession of eruptive rocks in the 
Christiania district and that in the eruptive district of Monzoni 
and Predazzo in South Tyrol. On the basis of his own 
observations in both districts, Broegger explains the famous 
Triassic monzonite, granite, and hypersthenite as deep-seated 
laccolitic expansions of the eruptive flows in the same neigh- 
bourhood (melaphyre, augite, porphyrite, and plagioclase 
porphyrite), and views them as a series of differentiations 
from an originally uniform magma, analogous with the differ- 
entiations presented in the Christiania district. 

From the foregoing pages it is apparent that Rosenbusch, 
Broegger, Iddings, Williams, and others are inclined to 
minimise the petrographical contrast between the so-called 
plutonic and volcanic rocks, and to recognise in underground 
and superficial occurrences of eruptive rock only different 
facies of the same magma, consoiidated under different con- 
ditions. On the other hand, Zirkel (1893) strongly emphasised 
the differences between the granitic, deep-seated rocks and the 
porphyritic or glassy flows, and brings forward many objections 
to the laws enunciated by Rosenbusch regarding the succes- 
sive separation of minerals from fused masses. In general, 
petrographers may be said to be still actively investigating the 
ground-masses, in the study of which there are many proflems 
awaiting solution. 

Microscopic researches have fully elucidated the composition 
and the origin of the sedimentary strata. There is no longer 
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any difference of opinion regarding the derivation of the rock- 
niaterial composing stratified deposits— on the_ one hand from 
the fragmented and finely triturated products of surface denuda- 
tion or ftom the chemical activities of infiltrating water in the 
crust, and on the other, from the accumulation of organic de- 
Dosits. But the origin of gneisses and the crystalline schists is 
still shrouded in mystery; much is known, but far more remains 
to be discovered. These rocks used to be regarded as the 
fundamental roctformation of the sedimentary succession; 
the lowest member of the group being usually gneiss or coarsely 
foliated and banded granitic rock, and the uppermost usually 
nhvlhtc or finely foliated lustrous, slaty rock. In the eighteenth 
centuiy, three leading hypotheses were promulgated m explana- 
tion of the origin of these rocks. One theory (supported by 
Btiffon, Breislak, and others) regarded the gneisses ^nd the 
crystalline schists as the fundamental rocks of the earth s crust, 
the product of 'the first consolidation of molten rock material 
on the cooling surface of the earth; the I\ernerian theory 
represented tlmm as the oldest chemical precipitates from the 
primccval aqueous envelope of the earth, possessing a crystalline 
texture in virtue of the high tempeiature at the earths surface 
in tlic primteval epoch; Hutton regarded them as normal 
sedimentary deposits, not necessarily of the_ primteval epoch, 
which had been carried to greater depths in the crust after 
their deposition, and there been melted, metamorphosed, and 
rendered crystalline by the combined influence of the earth s 
internal heat and enormous crust-pressure. In his concep- 
tion of the relation of dynamic agencies to rock-deforniation, 
Hutton was far ahead of his coirtemporaries,^ and the 
nineteenth century was well advanced before Darwin, Poulett- 
Scrope, Sharpe, and a few of the keenest observers began to 
apply the principle of dynamic agencies of deformation in the 
eLth’s crust. Beroldingen explained gneiss as regenerated 
erranite. ’ Although with certain modifications, each of these 
L’potheses claims supporters at the present day. 

‘ ' In 1822 Ami Bou6, in his geognostic description of Scodand, 
modified the Huttonian hypothesis m so far as he thought that 
in addition to subterranean heat and pressure, the action 0 
vapours and gases had played a part in the 
sekiientary deposits to crystalline rock. The Norwegan 
geologist, Keilhau, in the following year advanced his view 
that a foliated structure had been superinduced upon crystal- 
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line schists, in common with most of the older massive rocks, 
by the agency of water, wifliout the aid either of pressure or of 
increased temperature. During the years 1826-28, Studer and 
Elie de^ Beaumont made the observation in the Swiss and 
Savoy Alps that gneiss and micaceous schists repose upon 
unaltered sedimentary 'strata, and that in certain crystalline 
schists fossils are , present which prove them to belong to 
relatively young geological epochs. This discovery was a very 
great bld!^ to the geologists who upheld the hypothesis of the 
, Archsean or pre-Cambrian age' of all gneisses and schists. 

, Studer^' suggest^ some time later (1855) that the transforma- 
.tion of these schists had proceeded not outward from the lower 
horizons to the upper, but possibly inward from younger and 
outer horizons of rock to deeper crust-levels. Hoffmann, who had 
in 1830 observed crystalline schists interbedded with conglomer- 
ates and coarse grits of the “transitional” series, advocated the 
view that the stratified grits and conglomerates represented un- 
altered patches, and the gneiss and schists represented altered 
portions of one and the same geological formation. 

Lyell accepted the lluttonian hypothesis in its essential 
features, and the wide circulation of his principles ^ gave 
I'lutton’s teaching greater currency abroad. In addition to 
heat and pressure, Lyell thought electrical and other agencies 
might have combined to render the sedimentary structures 
semi-fluid, the rock material having then been re-arranged; 
traces of organisms disappeared, but the bedding-planes for 
the most part persisted. Lyell taught that gneiss and micaceous 
schist represented sandstones which had been altered by contact 
with eruptive rocks, argillaceous schists had been originally 
shales, and marble represented limestone that had been 
rendered crystalline. In accordance with the Huttonian 
doctrine that the high temperature* had acted outward through 
the crust, the lowest schists and gneisses were said by Lyell 
to be those which had suffered the greatest degree of meta- 
morphism. At the same time, under certain circumstances 
comparatively young deposits might be metamorphosed, and it 
could by no means be assumed that all crystalline schists must 
belong to the fundamental or Archaean rocks. It was Sir 
Charles Lyell who gave to the group of gneiss and crystalline 
schists the name of “ raetamorphic ” rock, and the name was 
rapidly adopted in the special literature of geology and in 
text-books. 


23 
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Elie de Beaumont was t^e first to point out the contrast 
between widespread or normal metamorphism and the contact 
metamorphism which w’as limited to smaller zones of rock, and 
especially to the contiguous parts of eruptive and sedimentary 
rocks. Daubr^e afterwards applied the term of regional meta- 
morphism to distinguish these processes which had acted 
throughout vast "regions of the crust and altered^ thick forma- 
tions of rock. 

One of the extreme Neptunists was Johann Fuchs, who 
explained the crystalline schists, gneiss, granitic and porphy- 
ritic rocks as segregation products from a 'Eatery or pasty 
material. The American geologist, Professor Dana, in 1843 
thought that the Huttonian doctrine did not attach sufficient 
importance to the agency of heated water in effecting rock- 
metamorphism. He compared gneiss with volcanic tuffs, and 
held the opinion that during invasions of granitic magma into 
the upper zones of the crust a granitic ash also escaped, and 
under the influence of superheated water became caked and 
cemented into the form of gneissose and .schistose rocks. 
J. Bischof, in several papers published between the years 1847 
and *1854, agreed with Keilhau in assuming that the oldest 
sediments were for a long time supersaturated with water, and 
that chemical changes had slowly altered their constitution, 
converting argillaceous sediments first into clay-slate, and by 
continuance of the chemical processes into micaceous schists. 

Scheerer contributed in 1847 a suggestive paper on the 
origin of gneiss, in wffiich he took the standpoint that it might 
be produced in various ways and from various rocks. He 
explained the gneiss of the Erz mountains as a rock that had 
been metamorphosed from sedimentary strata in siiu^ whereas 
the red gneiss during the time of its metamorphism had midei- 
gone flow movements confparable to those of an eruptive 
magma. Again, in many cases gneiss was a fundamental 
xVrchsean rock representing a portion of the primaeval crust of 
the earth. Cotta also thought that most gneiss had formed 
part of the original crust, but he regarded the crystalline 
schists as the culminating result of a process of metamorphism 
undergone by all sedimentary rocks which had already been, 
or were now in process of being, covered by a thick mantle of 
younger deposits. The change, he thought, had been effected 
by heat and pressure, possibly in combination with water ; and 
although the crystalline schists were m many places now ex- 
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posed at the surface, they must havfi been subsequently elevated 
to that positiofi, and the superincumbent rocks have been re- 
moved by denudation. Naumann supported the view that 
most gneiss and crystalline schists represented the oldest 
rock-sediments, ^but he^. agreed with Poulett-Scrope, Darwin, 
Fournet, Cotta, and otfers that many gneisses had be^i pro- 
duced by the^ deformation of eruptive rocks, ^nd those might 
be of different ages. A similar standpoint wSs afterwards taken 
by Kjerulf and by Lehmann, the author of an excellent work 
(1884) on the ancient crystalline schists, with special refer- 
ence to the metSmorphic rocks of the Erz mountains, Fichtel 
mountains, the mountains of Saxony and of the Bavarian and 
Bohemian frontiers. 

Delesse in 1861 declared himself an adherent of the meta- 
morphic •doctrines, and ascribed rock-metamorphism to high 
temperature, water, pressure, and molecular movements. In his 
opinion, after the first crust formed on the cooled surface of the 
earth-magma, it was violently attacked by the action of the con- 
densed vapours and afforded material for a great accumulation 
of sediments. The metamorphism of these oldest sediments 
produced gneiss and the crystalline schists, and these Could 
again become plastic and be transfoimed into plutonic rocks. 
Thus Delesse assumed the deep-seated granite series to have 
been produced by the re-melting and re-solidifying of meta- 
morphosed sediments. He was supported in this view by 
Daubrde (1857). According to Daubrde, the first-formed crust 
was saturated with the water of the primitive ocean, and the 
mineral constituents of gneiss and the oldest crystalline schists 
separated out from a pulpy, softened mass. The younger schists 
(chlorite schist, mica schist, phyllite) of the primaeval mountain- 
systems were thought by Daubrde to be pre-Cambrian deposits 
metamorphosed by pressure and su|)erheated water. The meta- 
morphism of the younger Alpine schists was also referred by 
Daubr^e to the same influences. 

Sterry Hunt similarly held that the crystalline schists re- 
presented the earliest chemical deposits. He thought they 
owed their planes of schistosity to the contemporaneous effect 
of intense heat combined with the action of water and pressure. 
He tried to elucidate the chemical processes of separ^ion, 
to determine an order of deposition, and even to demon- 
strate that the eruptive rocks were also metamorphosed 
sediments, which after having been made plastic penetrated 
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the sediments above and assumed the form of eruptive massive 
protrusions. 

The microscopic examination of micaceous schist led Sorby 
(1856) to the assumption that it had originally been a shale 
and had been altered probably by ipeans water, a high 
temperature, and crust pressure. Hb regarded the foliated 
structure as a fesult of mechanical pressure, fiitchcock, in 
1861, also empha^sed the action of mechanical strains. 

Sir William Logan^s discovery, in 1867, of the thick series 
of gneisses and schists forming the floor of the sedimentary 
succession in Labrador and Canada, gave for i' time additional 
support to the view of the Archaean age of all metamorphic 
rocks but every year strati graphical researches were bringing 
new facts to light which could not harmonise with this simpler 
view of one primceval epoch of formation for the d-ystalline 
foliated rocks. 

Zirkel, in 1866, made a complete resume of the literature on 
the subject of the metamorphic gneiss, and after a careful 
criticism of the facts and arguments, concluded that there is 
probably an original gneiss and a metamorphic gneiss. Water 
and the plastic magma have participated in the formation of 
the former ; it formed the first solid crust, and could, under 
certain circumstances, especially in the immediate vicinity of 
granite, partake of its eruptive character. Gneiss has either 
taken origin from shales and grits by contact metamorphism 
in the presence of heated water, or has arisen from the sub- 
terranean transformation of sedimentary strata by means of 
some simple processes of water-permeation, which have so far 
eluded discovery. Zirkel also explains the origin of granulite 
and the other crystalline schists upon principles of water- 
permeation, but he regards micaceous and chloritic schists 
and phyllites as metamorphdsed sediments. 

Lessen initiated a new departure in the investigation of 
the metamorphic group, in so far as he succeeded in impressing 
geologists with the high value of accurate field investigations 
in assisting the solution of some of the intricate problems 
of metamorphism. During his examination of the Taunus 
mountains (1867), Lessen formed the opinion that most of 
the Crystalline schists had originated as sedimentary strata 
containing a large amount of interstitial water, and had been 
cleaved and altered by the action of strong dynamic pressures 
during the mountain-making movements. Gneiss and mica 



PETROGRAJPHV. 


3S7 


schists had been, he thoirght, [:i0,rts of the original granitic 
crust of consolidation, which had been similarly converted 
by pressure-metamorphism into banded, foliated, and cleaved 
rock-facies. Lessen subsequently examined and mapped the 
Harz moimtaiiqs geolqgically, and found further confirmation 
of his theory of “ dislocation metamorphism.” He demon- 
strated in the Harz mountains that the saine rocte which 
extended over wide regions as ordinary shdy sediments could 
be traced into a zone of crust disturbance, where they became 
crystalline and schistose, and were split by planes of cleavage 
superinduced tfpon the rock-strata at various angles with the 
planes of stratification. Although Lossen’s work threw a new 
interest into phenomena of cleavage, the presence of cleavage- 
planes had long been known in certain rocks. As far back 
as the eighteenth century, Lasius and Voigt had drawn at- 
tention to the difference between the planes of stratification 
and planes of cleavage, but could not find any explanation. 
Sedgwick (1822 and 1835) suggested that the cleavage of rocks 
might be due to the action of polar forces along a definite 
direction, causing orientation of crystals in that direction. 
J. Phillips, in 1843, at a meeting of the British Association, 
pointed out the deformation of fossils in cleaved rocks, and 
thought cleavage was the result of a slow creep of the minute 
rock particles in a definite direction. An important observa- 
tion was made by the brothers Rogers, who showed, in 1837, 
that the cleavage-planes in the Alleghany mountains extended 
parallel with the main axis of upheaval of this mountain 
system, but in explanation they accepted Sedgwick’s theory 
of polar attraction. 

Almost simultaneously, the action of lateral pressure was 
suggested by two observers : in 1846 by Baur, an overseer 
of mines in Eschweiler, who explained the cleavage of the 
greywackes in the Rhine Province by this means; and 
in 1847 by D. Sharpe. Sorby in 1853 made pressure 
experiments, and succeeded in reproducing cleavage arti- 
ficially in different kinds of rock. His results were sup- 
ported by the later experiments of Tyndall (1856) and 
Daubree (1861). 

When, therefore, T.ossen from his actual field observations 
drew the important conclusion that crust disturbance had been 
the chief agent in effecting cleavage metamorphism, he was in 
a position to refer to .the confirmatory evidence in favour of 
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dynamic action which had jpeen already afforded by experi- 
mental attempts. 

In 1887, a few months after Losseffs work on the Taunus 
had appeared, C. W. von Giimbel published his Geog^iostk 
Descriptiofi of the Eastern Bavarian Frontier Mountains, 
In it he tried to demonstrate that f gneiss and crystalline 
schist represented the oldest sediment which had separated 
out under peculiar; conditions from a magma impregnated 
with superheated water. Giimbel regarded the cleavage of 
gneiss and the crystalline schists in the Bavarian forest not 
as a subsequent development, but as true stratification, and 
compared the succession of the gneiss and schist series, as 
well as the gradual transitions and frequent alternations of 
the different varieties, with the characteristic appearances 
observed in a series of sedimentary deposits. He described 
the occurrence of certain massive rocks, such as granite, 
syenite, diorite, sometimes in regular alternation with the 
gneiss and schist, sometimes as intrusive bosses and dykes. 
Judging from the resemblance in the mineralpgical composi- 
tion of all these massive rocks, Giimbel argued that the rock- 
material must in all cases have had a similar origin, and 
concluded that there was an underground magma constituted 
like the primitive earth, and from which either sedimentary 
schist and gneiss, or granitic bosses and layers, could develop. 

Justus Roth, who was one of the founders of the German 
Geological Society, was an ardent supporter of the view that 
all gneissose and schistose rocks represented the products of 
the first consolidation of the crust. In his work on General 
and Chemical Geology, published in 1890, two years before 
his death, Roth gave an unfavourable criticism of all theories 
which advocated subsequent rock -deformation and meta- 
morphism. He contended rthat the compact structure of 
gneisses and schists, the absence of any amorphous or glassy 
ground-mass, together with the raineralogical composition, are 
features which indicate a plutonic, aquo-igneous origin. Their 
bent and cleaved character was attributed by him to the 
contraction of the earth and the consequent strains acting 
during the formation of the series. 

Many geologists were, however, finding in the field ample 
confirmation of Losseffs explanation of the mechanical defor- 
mation of rocks. The well-known writings of Heim and 
Baltzer on the Swiss Alps, of Renard on the rocks of the 
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Ardennes, and of Lapvvorth on^the north-west Highlands, 
revealed man5inew and highly interesting subjects of research 
in connection with dynamo-metamorphism. 

Johann Lehmann, in the work mentioned above (p. 355), 
accepted the views of^Lossen, and demonstrated the effects 
of ‘‘dislocation metakiorphism ” from a large number of 
excellent illustrations of micioscopic rock-septions. Accord- 
ing to Lehniann, the metamorphic rocks may be arranged in 
two groups. One comprises the various modifications of 
gneiss, granulite, felsite, and hornblendic schist which have 
originated as r#ck-material consolidated from molten magma, 
and have received their characteristic foliate structure from 
the action of pressures before solidification had been com- 
pleted. He advocated the plutonic origin of this group upon 
the assumption that there is in the crust a corresponding 
rock-magma, the source of the deep-seated eruptive rocks, 
granite, syenite, diorite, gabbro, and that these rocks are con- 
nected with the gneiss group by a complete series of transitional 
modifications. 

The other group comprises the remaining crystalline schists, 
gneissic schist, micaceous schist, chloritic schist, talcose schist, 
phyllites, etc. These have been produced by “dislocation 
metamorphism” carried out in very high degrees. In the 
case of gneissic schist the original rock-material, while under- 
going the processes of metamorphism, has been invaded 
by, or impregnated with, granitic injections, but the series 
of typical schists have been metamorphosed without any 
injection of foreign magma. The original character of the 
rock-material is, according to Lehmann, not always demon- 
strable, but he thinks it abundantly evident that the meta- 
morphic series is intimately associated in the field both with 
fragmental or clastic deposits gnd with rocks of igneous 
origin, Lehmann insisted that it was erroneous to attribute 
the metamorphic schists to a definite, pre-Cambrian geological 
epoch ; it was in his opinion far more probable that they 
belonged to the different epochs during which extensive 
mountain-movements had been in progress. Professor Barrois 
in 1884 likewise showed that the schists and gneisses in 
Brittany, which had been regarded as pre-Cambrian, ^really 
represented metamorphosed sedimentary deposits belonging to 
various Palaeozoic epochs. 

The involved stratigraphical problem presented by the 
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extensive district of regiona^p metamorphism in the north-west 
of Scotland had meantime been brilliantly ^elucidated by 
Professor Lapworth. Messis, Peach and Plorne, together with 
other members of the Geological Survey, were continuing the 
work of mapping and research in the i^w light that had been 
thrown on the problem by Lapworth: 5 demonstration of the 
great crust-movQcments of overthrust, and the associated meta- 
morphism of portions of the Canibro-Silurian deposits. It 
was securely determined in that district of regional metamor- 
phism that there was fundamental gneiss at the base of the 
whole sedimentary succession, and also metamiorphic gneiss 
representing sedimentary rocks of the oldest Paleozoic epochs 
which had been locally altered during the gigantic crust-move- 
ments. The altered and unaltered deposits dovetailed into 
one another with complicated straligraphical relations.*^ 

The conclusive results of the work done in the north-west 
Highlands of Scotland were of the highest importance for the 
general questions in dispute regarding the causes and processes 
of metamorphism. In more recent years, Mr. Barrow has 
shown the presence of eruptive bosses of gneiss as well as of 
granite, and has traced numerous veins of pegmatite passing 
fiom these bosses into the group of crystalline schists. 

The last fifteen years of the nineteenth century witnessed 
very great advances in our knowledge of rock-deformation 
and metamorphism. It has been found that there is no 
geological epoch whose ' sedimentary deposits have been 
wholly safeguarded from metamorphic changes, and as this 
broad fact has come to be realised, it has proved most un- 
settling and has necessitated a revision of the stratigraphy of 
many districts in the light of the new possibilities. The 
newer researches scarcely recognise any theory; they are 
directed rather to the empirical method of obtaining all possible 
information regarding microscopic and field evidences of the 
passage from metamorphic to igneous rocks, and from meta- 
morphic to sedimentary rocks. The present views held by 
the leading German petrographers, Rosenbusch and Zirkel, 
may be in conclusion shortly indicated, as they will give a 
fair representation of the existing progressive and conservative 
tendencies regarding the difficult questions of pressure-meta- 
morphism. 

Rosenbusch has strongly advocated the origin of the crystal- 
line schists through dynamo -metamo^;phic agencies. In a 



PETROGRAPHY 


361 

paper written in 1889 he does ipt confine the mctamorphic 
action of moisintain- movements to sedimentary formations, but 
in common with Lehmann he regards gneiss, hornblendic 
schist, and other crystalline schists as eruptive rocks (granite, 
syenite, diorite) in which planes of schistosity have been 
developed under the ^influences of pressure and stretching. 
Rosenbusch does not believe it possible that ihe fundamental 
gneisses and"*schists could have originated as chemical precipi- 
tates from a primaeval ocean, or any primaeval mixture of 
rock-material and superheated ‘'water. As he further points 
out, the idea lifis been exploded that schistosity is a feature 
peculiar to Archaean rocks, it may indeed be possessed by 
young-Tertiary rocks. From the general distribution and 
stratigraphical position of the “fundamental” series, Rosen- 
busch concludes that it represents in its deeper horizons the 
first consolidated crust. He thinks the agreement in the 
mineralogical composition, as well as the interleaving of the 
Archaean gneisses and schists with the oldest eruptive rocks, 
would seem to indicate that the Archaean foliated rocks have 
at least in part originated from the same magma as deep-seated 
plutonic rocks. But whereas in the case of the granite-grained 
bosses of rock there is internal evidence that the minerals had 
separated from the magma in a definite order according to 
chemical laws, this is quite lacking in the gneissose and 
schistose rocks, which rather indicate that consolidation had 
been controlled by mechanical pressure. 

In chemical respects the crystalline schists agree sometimes 
with massive eruptive rocks, sometimes with sedimentary 
rocks, and in all probability they have originated from various 
rocks, from deep-seated and eruptive masses, from intrusive 
and superficial eruptive flows, from eruptive tuffs, and from 
all kinds of stratified deposits. ♦ According to Rosenbusch, 
dynamo- metamorphism is the active principle that produces 
the banded and finely foliated forms of rock-structure. 

In his Ele??tenfs of Petrology (1898) Rosenbusch defines the 
crystalline schists as “eruptive or sedimentary rocks which have 
been geologically transformed through the essential co-opera- 
tion of geo-dynamic phenomena.” He distinguishes the 
“fundamental” series as an independent primeval fornaation, 
and describes the younger schists as local facies of different 
rock-varieties and not confined to any geological epoch, 

. Credner and Zirkel take exception to these views in certain 
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points. They admit the gonversion of certain granites to 
gneissoid rocks, but do not agree that dynanio-Kietamorphism 
has had any part in the origin of the true Arch^an gneisses 
and schists. Credner finds it difficult to understand how such 
a uniform succession as is presented by the fundamental 
crystalhne rocks in the ancient mounmin-systems could have 
been the product of variable and accidental ^processes of 
crushing and perm-f^ation by water. 

Zirkel draws attention to the fact that the typical funda- 
mental rocks and even the yotinger schists in many districts 
show only very slight traces of mountain-presstSre, and on the 
other hand sedimentary rocks have often suffered gigantic 
tectonic disturbances and pressures, and yet have not been 
much changed in their original constitution. The petrographi- 
cal researches of Professor Salomon have during the <^last few 
years attracted considerable attention. Professor Salomon has 
investigated the contact phenomena associated with deep- 
seated eruptive rocks in the Alps, more especially in the 
Adamello group, and has shown that different^ kinds of rocks 
have throughout long distances been altered by contact meta- 
morphism into crystalline schists. On the basis of his ob- 
servations in the Adamello, in the Cima d^Asta, and Predazzo 
districts, and in other parts of the Alps, Salomon has inferred 
that the granite-grained bosses of the Tyrol Central Alps are 
not, as Broegger concluded, of Triassic age, but were intruded 
in the Tertiary epoch. The magmas solidified in the form of 
laccolites and batholites, and as the form of the intruded 
material frequently varied in its relation to the crystalline 
schists during its cooling and contraction, Professor Salomon 
thinks it possible that the latest Alpine upheaval may have 
been induced by such variations and the consequent disturb- 
ances of crust equilibrium. « 

Although the hypothesis of dynamo-metaraorphism has now 
very numerous adherents, many questions regarding the origin 
of the fundamental and the younger schistose rocks have yet 
to be solved before the principles of metamorphism can be 
securely defined, and as the subject is still under discussion, it 
is not well suited for historical interpretation. 



CHAPTER V. 


PALEONTOLOGY. 

After William^Smith, Alexandre Brongniart, and Cuvier had 
disclosed to geologists the significance that attached to fossils 
as organic relics characteristic of successive geological epochs, 
some of the most enlightened scientific men of the day shared 
the increiased interest in the study of fossils, and, greatly to the 
advantage of this branch of research, directed their genius to 
the examination, identification, and classification of fossils in 
the light of comparison with the existing plant and animal 
world. Blumenbach, Cuvier, Lamarck, Schlotheim, and others 
applied the scientific methods of Zoology, Comparative Ana- 
tomy, and Botany to the investigation of the remains of fossil 
organisms. A knowledge of fossil remains was no longer 
viewed as the hobby of a few dilettantes, but at the chief seats 
of learning was elevated to the rank of an independent mental 
discipline in the scientific curriculum. The new science was 
given the name of “ Palaeontology ” almost simultaneously by 
two eminent authors, Ducrotay de Plain ville and Fischer von 
Waldheim (1834), and the name was rapidly adopted in 
France and England, although in Germany the older terms 
Petrefaktenkunde ” and “ Petrefaktologie ” held their place 
for many decades. 

Two directions were from the fkst apparent in palaeontologi- 
cal research — a stratigraphical and a biological. Stratigraphers 
wished from palaeontology mainly confirmation regarding the 
true order or relative age of zones of rock deposits in the field. 
Biologists had, theoretically at least, the more genuine interest 
in fossil organisms as individual forms of life; for the biologist 
or student of existing life the supreme value of palaeontology 
was the evidence it might bring towards the solution gf the 
problems of the genesis and evolution of living forms, deter- 
mination of species and genera, variation of types in its rela- 
tion to climatic conditions, distribution of types in respect of 
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geographical provinces, anc^ many other fascinating subjects 
for scientific thought and investigation. 

The stratigraphical aspect of paheontology is, liowcvcr, t]:ic 
chief care of the geologist. He has to unearth the fossils, 
note their environment, tiacc the particular fossiliferous bed 
of dep^OMt in its farther extension, aiGjd observe whether the 
fossils are only^ of sporadic occuiTcnce in that hori/on of 
rock, or are distrihyted throughout wide areas ; again, whether 
the fossils arc less frequent at that horizon than at some other 
horizon a little above or a httfe below in the rock-succession, 
or if the fossils are so very abundant at tha<^> horizon as to 
icpresent leading fossil types, characteristic of that geological 
horizon or zone of rock. 

Many writers on fossil organisms luave treated them merely 
as a means of identifying the age of the rocks, ajod have 
neglected the biological features. jMorc general interest is com- 
manded by desciiptions of complete faunas and floras belonging 
to a definite epoch in the geological history of the earth. 
Although monographs of this character are, in the first 
instance, of stratigraphical value, the data which they bring 
forward are of use in determining the development of organic 
Cl cation. 

TTie first attempt at a Chronological Succession of fossil 
organisms is to be found in H. (r. Bionn’s^ LetJuca Geo^nosfica 
(1835-38). This work is a masterpiece of scholarship; it sum- 

^ Heiniich Geoig Bronn, ])oin on the 3rcl I\Iarch iSoo, at Ziegclhauscn, 
near Ildclelbeig, the son of a foicbtei, suidied m Heidelberg, and became 
a university tutor theie in 1821; in 182S Professor of Zoologv and Tech- 
nology. Between 1S24 and 1827 he travelled in Upper Italy and Sou them 
Fiance for the sake of pakeontological and geological studies. From 
1830-62 he was one of the co-cditors of Jahrlmrh fur Jlfineralo^^ie, 
Geognosie^ ^tnd Pa\coniologie. His chief woiks, the Leduja Cfogfiostica^ 
the Handbook of Natural History^ the inveshgafion info iJu Hevelof mental 
La'ws of Orgajihed Nature, brought him the reputation of licing the most 
distinguished pala'onlologist in Germany. His diliiculty of heaiing was 
a clcndcd diawback to his teaching powers. Wissmann, Lomme), G. 
Schweinfuith, and Zittel me among his gi aleful scholais. Bionn died in 
1862 in Pleidclberg, from lung disease. The fust volume of the LctJuca 
Geogjiositia appeared in 1S35, and was so widel}" ciiculated that a second 
edition of it was called for befoie the pubheation of the second volume — 
the la^ei \va.s published in 1838. A third edition in three volumes, and 
with 124 plates, was published between 1S51 and 1S56, with the co-opeia- 
tion of Feichnand Roemer, who had undertaken the pieparation of the 
Palceo-Lethaea or Caiboniferous Peiiud. A fourth edition wa^ begun in 
1876 by Rocmer, and is at present being continued by Professor Freeh. 
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marises all that was previously known about stratigraphy and 
palaeontology.^ The most important fossil types of all the geo- 
logical formations are shown on the forty-seven folio plates, 
and the text gives careful descriptions of the fossils and their 
occurrence. ^ | 

The Lethma Geo^oUica was follo\ved in 1848-49, by an 
Index PaImo^tologi€a^ in which Bronn was assisted by Goeppert 
and H. von Meyer. Both these works® exerted a great 
influence on the development of paleontology, and were for 
several decades the chief books'* of reference for all the more 
comprehensive '•paleontological works. Several other large 
works were published in the early part of the nineteenth cen- 
tury; among others, the Mineral Conchology of Great Britain^ 
by the Sowerbys, between 1812 and 1845 {ante^ p. 13 1); 
the splfjiidid series of plates, Fetrefacta Germanim^ by 
Goldfuss^ and Count Munster; the Faliontologia Fran^aise^ 
by Alcide TOrbigny (1840-55). Goldfuss and Munster ^ 
intended to produce an illustrative work of all the 
invertebrate fos^sils occurring in Germany, but apparently 
found the scheme too extensive, and concluded the work after 
the sponges, corals, crinoids, echinids, and a part of the fossil 
mollusca had been accomplished. D’Orbigny also gave up 
his similar scheme of an exhaustive illustrated account of all 
the fossil Invertebrates in France; he brought to completion 
monographs of the Jurassic and Cretaceous Cephalopods, 
Gastropods, the Cretaceous Lamellibranchs, Brachiopods, and 
Bryozoa, and certain groups of the Cretaceous Echinids. 

In the first volume of the Elementary Course of Falmontology 
and Sir aiigraf Ideal Geology (1849), D’Orbigny gave a short 
systematic summary of fossil organisms. The Frodro^ne of 
Falmntology is a list of the fossil Mollusca, Sponges, and 
Foraminifera arranged according ^o the geological epochs, but 
the list is much less complete than Bronn’s Faleeontologkal 
Index, 

^ Geoig August Goldfuss, born 1782 at Thurnau, near Bayreutli ; 
studied in Erlangen, graduated there in 1804, in 1818 was made Professor 
of Zoology in Eilangen, but was soon after called to Bonn University as 
Professor of Zoology and Mineralogy ; died 1848, in Bonn. 

^ Count George Miinster, born 1776 of a Hanoverian family, held office 
as a Bavarian Chamberlain, and lived in Bayreuth, wheie he died in 1844. 
His famous collection of fossils was procured by the Bavarian State and 
removed to Munich, where it formed the nucleus of the present Palieonto- 
logical Museum, • 
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The Palpcontographical S-ociety was established in London 
in the year 18^7 for the purpose of illustrating and describing 
the whole of the British Fossil Species. The work it has 
accomplished is most praiseworthy. Each year has seen the 
publication of a volume containing nfanographs by the first 
specialists. Among the contributor^*'" have been Richard 
Owen, H. Milne-Ed wards, E. Forbes, T. liavidson, H. 
AVoodward, Ray Eankester, Traquair, Nicholson, Lap worth, 
Hinde, and many others whose names have a world-wide 
repute in connection with their special researches of animal 
groups. The publications of the Palseontogrliphical Society 
undoubtedly take the first place in the literature of fossils, 
although the monographs are confined to British fossils. A 
more universal character is presented by the volumes of 
the FalcBOfttographica^ a periodical which was commenced in 
1846 by W. Bunker and H. von Meyer. For the last three 
decades the Falceo7iiographica has been conducted by K. von 
Zittel, and now numbers forty-six volumes. Similar palseonto- 
graphical journals have been instituted in Austria-Hungary, 
France, and Italy. 

Some of the more important works which treat fossils rather 
from their biological than their stratigraphical standpoint are 
Buckland’s Mineralogy and Geology (1836), G. A. Mantell’s 
Medals of Ci'cation (18^14), and the excellent Trait t eVenmitaire 
de Faleoniologie^ published by F. J. Pictet at Paris (1844-46). 
Buckland’s widely-circulated book was translated into German 
by the elder Agassiz. In the short geological introduction, 
Buckland impresses upon the reader the confirmation given 
by the geological record to the words of Holy Writ^ then 
follows an attractively written account of fossil organisms, in 
the course of which frequent reference is made to the modes 
of life of the various animtd groups, and to the relations 
subsisting between the fossil and living representatives of 
oiganised existences. 

Picted treated palaeontology as an essential part of the studies 

1 Fiancois Jules Pictet, born on the 27th September 1809, scion of an 
aristocratic family in Geneva. lie studied Law and Science at the Geneva 
Academy, and went in 1S30 to Paris, wheie he associated much with 
Cuvier, ^..Geoffroy Saint-IIilaire, Blainville, and Audouin. In 1833 he 
returned to Geneva, interested himself chiefly in entomology and Compara- 
tive Anatomy, and manied Mi:sS de la Rive, a grand-daughter of Necker 
de Saussure. In 1835, Pictet was appointed Professor of Zoology at the 
Academy, but retired in 1859, in order to deVote himself wholly to his 
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of Zoology, Comparative Anatomy and Botany. He confined 
himself in hk treatise to fossil animals, and adhered to 
a strict systematic order throughout his work, constantly 
keeping in view the characteristics of the corresponding living 
forms. At the same ^me, the geological occurrence of the 
fossils is nowhere omitted. In his treatment of the Mollusca 
and Echinoderms, Pictet agrees as a rule with D’Orl^igny’s 
views ; in cla^ssifying the Vertebrates he relies chiefly upon the 
works of Cuvier and Agassiz. Pictet’s work was taken as a 
model for a number of text-books which rapidly made their 
appearance. 'M.e F/mcipies of Falmonfology^ by H. B. Geinitz 
(1846), keeps closely to Pictet’s order and treatment of the 
subject; C. G. GiebeFs Falmontology (1852) is merely a short 
summary, his unfinished Fautia of the Fast (1847-56) is a 
diligently compiled enumeration of all known Vertebrates, 
Cephalopods, and Arthropods. A large number of new 
observations and illustrations are contained in F. A. 
Quenstedt’s well-known account of fossils, Fetrefahtenkunde 
(Tubingen, 1852). The work had passed through three 
editions in 1885, and for more than three decades was the 
chief handbook of palaeontology used by the German students. 
Quenstedt’s larger work, Fetrefaktefikunde Deutschlands^ with 
two hundred and eighteen plates, was published at intervals 
between 1846 and 1878. As a collective book of reference on 
the Vertebrate fossils found in Germany, it is indispensable in 
paleontological libraries. Sir Richard Owen’s Falceontology 
(i860) provides an excellent general survey of the Vertebrate 
animals, but the Invertebrates are insufficiently treated. 

The systematic direction of paleontology was until i860 
under the influence of Cuvier’s theory of the invariability of 
species. Lamarck’s bold hypotheses regarding the transmuta- 
tion and descent of organic form^ remained almost neglected 
by paleontologists, although H. G. Bronn, Quenstedt, and a 
few others had no belief in the fixed invariability of species, 
nor in the sharp distinctions drawn between successive periods 
of creation supposed to have been separated from one another 


palceontological labours, and the direction of the Natural History Museum. 
Between 1866 and 1868 he became Rector of the Geneva Acadenw, and 
was at the same time a member of the Council of Education tor the 
Zurich Polytechnic School ; he also took an active part in political life, 
was a member of the Grand Council of Geneva, and of the National 
Council in Bern. He di^d <4n,the 15th March 1872. 
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by great earth -cataclysms^ Otherwise palaeontological re- 
search between 1820 and i860 made remarkable advances. 
Innumerable new forms were brought to light by zealous strati- 
graphers during their field surveys ; while the museums were 
rapidly extending their collections, and^ affording ready oppor- 
tunities to the younger minds of assir iilating*the broad facts 
and tendencies (?f palaeontological investigations. 

Schlotheim had<jm 1804 laid the ground- work of a knowledge 
of fossil plants, and Count von Steinberg^ worthily continued 
these pioneer labours. His chief work, Atiempt at a Geognostic 
Botanic Representation of ike Flora of the Fast (1820-32), 
describes two hundred fossil species of plants, and is illustrated 
by sixty splendid folio plates. Sternberg tried to insert the 
fossil species into the botanical system of existing floras, 
applied names correspondingly to tlie fossil species, .;^and dis- 
carded tlie old names under which the fossil forms had been 
known. He accomplished much for the proper botanical sig- 
jiificance of fossil floras, and paved the way for a scientific 
treatment of palseophytology. 

A year after the appearance of the first part of Sternberg’s 
woik, Adolphe Brongniart^ began his celebrated studies in 
fossil plants. 

Like Sternberg, Brongniart also consistently carried out the 
examination and description of fossil plants strictly on lines of 
comparison with living plant-forms, and he arrived at similar 
results. Brongniart had at his disposal much more extensive 
material of observation than his German contemporary. His 
first Treatise on the Classif cation and Distribution of Rossil 
Plants is therefore the most complete and most scientific 
summary of all the fossil plants known before the year of 
its publication, 1822. A large, richly illustrated work, whose 
contents were made known -'in a preliminary Prodrome^ was 
intended to form a fuller supplement to the earlier treatise, 
but unfortunately was never completed, and contains only the 

Kaspar Maria, Count von Sternberg, born 6th January 1761 at 
Serowitz (Bohemia), belonged to an old family, was piesident of the 
bohemian National Museum, to which he bequeathed his library and 
collections ; died 20th December 1838. 

- AcLlphe Theodore Brongniart, born 1801 in Paris, the son of the 
famous" geologist, Alexandre Brongniart, studied medicine, but occupied 
himself chiefly with botany ; was in 1833 appointed Professor of Botany 
at the Botanical Garden, in 1852 General Inspector of the University of 
France ; died on the 19th February 1876, in Baris. 
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monographic description of a large part of the Cryptogams. 
Nevertheless, ^the unfinished wor]^ created a model of the best 
methods of palseophytological investigation. 

Although an adherent of Cuvier’s thcoiy, Brongniart pointed 
out the gradual development of the floras in successive geo- 
logical periods, find tho^^ght that the atmosphere, which had been 
in the earliest epochs ^rm and moist and supersaturated with 
carbonic acid gas, became purer and cold^ in course of time, 
and less suitable for the lavish development of vascular crypto- 
gams. According to Brongniart, plant-life began on small 
islands in th^ primseval ocean ; these islands afterwards 
united to continents, and the vegetation that spread over 
them always progressed towards more perfect types, and 
approached more nearly to the flora of the present epoch. 
He thought that the great changes in the floras and faunas of 
past ages had been effected contemporaneously by stupendous 
revolutions. 

Peculiar results were obtained by J. Lindley and W. Hutton 
in their study of the fossil flora of Great Britain. Their un- 
finished work, 'consisting of three octavo volumes, was published 
between 1831 and 1837, contains good descriptions and 
illustrations of most of the Carboniferous types. Both authors 
contest the existence of tree-ferns in the Carboniferous forma- 
tion, doubt the relationship of the Calamites to the Equisetacefe, 
and are of opinion that the Carboniferous flora included not 
only Conifers, but Cacti, Euphorbias, and other dicotyledons. 
They altogether deny a progressive development of the fossil 
floias. 

Brongniart and his predecessors had identified the fossil 
forms exclusively from microscopic features : the finer 
structures came little into consideration. A new field of 
research was opened by several p^ipers which gave an account 
of the microscopic structure of wood. One of the earliest was 
an essay by Sprengel (1828) on the silicified stems of trees 
(Psaronites). This was followed in 1831 by Witham’s treatise 
on the structure of fossil and recent woods, and in 1832 by 
Cotta’s richly illustrated work on the tree-ferns (various species 
of Psaronius) from the Bed Undeiiyer or Lower Dyassic rocks of 
Saxony. An important work was published by August Corda 
between the years 1838 and 1842 on the comparative structure 
of fossil and recent stems. The illustrations of this work were 
admirably drawn by the author himself. The memoir in 1839 

24 
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by Brongniart on the structure of Lepidodendron, Sigillaria, 
nnd Stigmaria is still treasured as a model of accurate methods 
of observation. His chronological summary of the periods of 
vegetation, and of the different floras according to their succes^ 
sive appearance on the face of the earth, is the first and most 
complete compilation of the fossil flora; . 

The'numerou^ and valuable phytological works of H. R. 
Goeppert^ extend ^over half a century, from 1834 to 1884. 
No other scientific man has been such a prolific writer on fossil 
plants, and there is scarcely any domain in fossil botany which 
has not come under Goepperds special invcp^tigations. His 
monographs on the genera of fossil plants (i 84 1-46), on the 
Tertiary floras of Silesia and Java, on fossil feins (1836), and 
conifers (1850), as well as his excellent reseaiches on the micro- 
scopic structure of fossil woods, coal and brown-gpal, are 
among the best contributions that have been made to the 
knowledge of fossil vegetations. 

In comparison with the flora of the older geological periods 
that of the Tertiary period was for a long time little investigated, 
but about the middle of the nineteenth century several works 
were devoted to this period. Franz Unger, Professor of 
Botany and Zoology in Graz, published between 1841 and 
1847 the Chloris Frofogaa, in which more than one hundred 
and twenty new species of Tertiary plants are described, illus- 
trated, and classified under genera still existing. 

In a second work on the flora of Sotzka, a great number 
of fossil Tertiary plants are represented on forty-seven folio 
plates, and the Sylloge plantar am fossilium (1860-66) con- 
tains descriptions and illustrations of three hundred and 
twenty-seven Tertiary species. The Synopsis of fossil plants 
(1845), of which a second edition appeared in 1855, provides a 
summary of the whole of phyto-palseontological material, and it 
was accompanied by the well-known series of coloured plates 
which Unger designed to convey an impression of the charac- 
teristic appearance presented by the successive floras in the 
w'orld’s history. 

Alexander Braun (1845) made a special study of the remains 
of Tertiary plants found near Oeningen in Switzerland. The 

^ Heinrich Robert Goeppert, born 1800, at Sprottau in Lower Silesia, 
Doctor of Medicine, was originally a pharmaceutical chemist ; in 1827 
University Tutor, in 1831 Professor of Botany in Breslau j died i8th May 
1884. 
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Ziirich' botanist, Oswald Heer,"^ h^s made his name famous by 
the admirable® comparative researches which he carried out on 
the flora of Oeningen and other North Alpine localities. His 
first palaeontological works reach as far back as 1847. His 
masterpiece apoeared ^between 1855 and 1859, the Tertiary 
Flora of Switzerland, 'ji two volumes, wherein no less than 
nine hundred species, for the most part rtew species, are 
described; one hundred and fifty-five ptetes illustrated the 
work. 

His scholarly mind and wide knowledge of his subject 
enabled Heer t6 reconstruct in the ablest manner the different 
floras of the Tertiary epoch, to compare them with those of 
other Tertiary districts and of the present, and to discover by 
this means what had been the temperature and other climatic 
conditions during the growth of the successive Tertiary floras. 
The results of these important researches were afterwards 
published in the form of a popular scientific work, The 
Primeval World of Switzerland (1864), and roused great 
interest in a w^de circle of readers. Another fundamental 
work by O. Heer treats the fossil flora of the Arctic regions. 
It consists of several independent treatises written in different 
languages ; the whole work comprises seven quarto volumes, 
which were published between 1869 and 1884. The Flora 
Arctica forms not only an important contribution to the 
systematic knowledge of fossil floras, but is a work of the 
highest geological value on account of its inferences regarding 
the earlier climates of Arctic regions. 

Heer advocates the view of a gradual approach of fossil 
floras to living creation, and a progressive differentiation and 
perfecting of all organised forms. He thinks the innate 
tendency of the organic world towards higher evolution was 
implanted in it by the Creator, arid that evolution takes place 
in accordance with immutable laws. In his opinion, the 
variations of species and genera were not accomplished, as 
Darwin supposes, by means of slow modifications in the 

^ Oswald Heer, born 31st August 1809, at Niederutzwyl in Canton St. 
Gallen, the son of the Protestant pastor, studied Theology in Halle, and 
graduated, but in 1834 accepted a university tutorship at Zurich University ; 
in 1852 was appointed Professor in the same University, and afterwards held 
also a Professorship in the Polytechnic Academy of Zurich. In 1852 he 
spent eight months in Madeira on account of lung weakness; in 1870 the 
old weakness broke out afresh, and on 27th September 1883 he died in 
Zurich. • 
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course of countless generations, but at definite periods of 
creation, by means of a more or less complete r<e-modelling of 
the previously existing species in the plant and animal 
kingdoms. 

The numerous, and in some casesj^ beautifully illustrated, 
works ^ of Abramo Elassalongo (bePceen 1B50 and 1861) 
elucidate the Tertiary floras of upper and middle Italy. 
Another voluminous writer on Tertiary floras was Baron von 
lilttingshausen.^ His first works discuss the Tertiary plants 
of the Vienna basin and the fdssii Proteacem. 

A method of securing a natural impression of leaves was 
about this time discovered in the Government Printing Office 
at Vienna, and Etlingshausen immediately had the method 
adapted to facilitate scientific researches of recent and fossil 
types of venation. In a memoir published m 1854, 
Ettingshausen showed the importance of leaf-venation for the 
systematic identification of isolated fossil leaves, and suggested 
a special terminology for the nervation of leaves, Plis large 
work is a handsomely-prepared account of Austrian plants in 
six volumes, Physiotypia Plantarnm Aiisiriacarim^ illustrated 
by natural impressions of the leaves. Pokorny collaborated 
with Ettingshausen in the preparation of this work, which was 
exhibited at the Paris Exhibition in the year 1867. Several 
independent monographs by Ettingshausen succeeded this 
work, and methods which he initiated have added very greatly 
to the security with which fossil leaves may be identified. 
Ettingshausen followed Heer in constantly making a com- 
parison between recent and fossil forms, but, unlike Heer, he 
w^as an enthusiastic believer in the Darwinian theory of 
descent 

Meanwhile the knowledge of Carboniferous floras was being 
from time to time enriched. W. C, Williamson contributed 
several works (1851-68) on the Carboniferous flora of Great 
Britain ; that of North America was being carefully examined 
by Sir William Dawson and Leo Lesquereux. 

The first complete enumeration of palseophytological material 

^ Constantin Freiherr von Ettingshausen, born 1862 in Vienna, the son 
of ther.physicist, Andreas von Ettingshausen, studied in Kremsmiinster and 
Vienna; woiked as a voluntary assistant on the Imperial Geological 
Survey; in 1854 was chosen Professor at the Emperor Joseph Academy, 
and in 1871 Professor of Botany at Graz University ; he died at Graz 
in 1897. » 



PALAEONTOLOGY. 


373 


is found in the Traiie de J^altoniologie vcgetah (Paris, 
1869-74)5 by® Philipp Schimper, who was Director of the 
Museum in Strasburg, and a Professor in the Univeisity. 
Schimper handled the material essentially from a botanical 
standpoint, but was afeo an admirable exponent of the geo- 
logical relations and siQiificance of fossil plants. 

August Schenk, for a long time (1868-^1) Professor of 
Botany in Leipzig, exerted a very greU^ influence on the 
advance of pal^ophytology in Germany. His detailed works 
were devoted to an invesfigatfon of tlie flora of the French 
Keuper, and m^re especially to the plant forms from the passage- 
beds between the Keuper and Lias. These appeared before 
1868, while Schenk was still Professor of Botany in Wurzburg. 
After his removal to Leipzig he came more into touch with 
Berlin influences, and he undertook the investigation of the 
large collection of fossil floras which had been brought from 
China by Baron von Richthofen and Count Szechenyi. Other 
materials examined by him were the silicified woods from the 
Nubian sandstones, fossil wood from Cairo, the plant remains 
from the Muschelkalk of Recoaro and from the Weald forma- 
tion of England. 

While all these were of the nature of special researches, a 
work of more general interest is Schenk’s systematic treatment 
of the fossil plants in Zittel’s Ha 7 idbook of Palcaontology. After 
the death of Schimper, who had only completed the crypto- 
gams and cycads, Schenk undertook in 1881 the continua- 
tion of this work. By means of the critical method which he 
carried out uniformly throughout his classification of flowering 
plants in Zittel’s handbook, and from which the works of the 
highest authorities, such as Unger, Heer, Von Etlingshausen, 
and Saporta, were not spared, Schenk practically initiated a 
reform in palaeophytology. He showed how many of the fossil 
genera and species had been based on insufficient giounds of 
distinction, and how often miserably preserved fossil remains, 
whose identification was impossible, had been used for the 
erection of new genera or made the basis of some wonderful 
new hypothesis. Many of the special papers on fossil plants 
had been contributed by authors with insufficient botanical 
training, and were in consequence an untrustworthy fouodation 
for any inductive reasoning regarding the past periods -of 
vegetation and their climatic conditions, 

Schenk was also ve^y dubious about the value of Ettings- 
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hausen^s application of leaf-nervation as a means of identifying 
fossil leaves, since the course of the leading bundles sometimes 
showed the greatest variability within smaller and larger groups, 
sometimes on the contrary showed scarcely any differences. 
'Phe shapes of the leaves could, in hr* opinion, at the most 
be used only as a specific feature ofA distinebon. To these 
inherent difficulties in systematic botany was added the fact 
tliat in the case of 4he fossil types it was quite exceptional to 
find leaves, flowers, and fruits embedded in the same localities 
in such a way as to demonstrate their original association with 
one another ; and the want of caution disp^.ayed by many 
inquirers had created a mass of palasophytological literature 
which for scientific purposes was little more than useless ballast 
to be discarded. 

Schenk fearlessly and patiently carried out the task of sifting 
the valuable results from the worthless, and by his precise 
and comprehensive knowledge of living forms he brought the 
scattered information regarding extinct forms into line with the 
most recent aspects of botanical science; his classificatory 
ti catment of fossil floras is now adopted by the best 
authorities. 

Schenk was a warm supporter of Darwin’s theory of 
descent. His remarks on the genealogical relationships of the 
different fossil groups of plants and the modifications and 
variations of the ancient floras are of unusual interest. No 
less suggestive are his inferences regarding the climates of 
former ages and the general character of the vegetation. 
Schenk’s views on such subjects frequently differ from those 
of Ettingshausen and Heer. 

The Marquis of Saporta (1823*95), the head of a noble 
family, devoted all his leisure to the study of botany, and in 
i860 began to interest himself especially in fossil plants. His 
writings are among the most valuable descriptions that have 
been given of fossil floras. They deal largely with the rich 
Tertiary floras of Southern France. He described the famous 
flora in the gypsum beds of Aix, in the Lower Eocene travertine 
deposits of Sezanne (1865), in the marls of Gelindcn (1873), 
and in the Pliocene deposits of Meximieux (1876). Saporta 
was al^o the author of several successful popular works, ^ which 

^ The most widely circulated of Saporta’s hooks are Th& World of Plants 
before the Appearance of Man (Paris, 1881 and 1885) and The Paloconto' 
logical Origin of Trees (Paris, 1888). r 
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elucidate the developmental phases of the floras of past time 
in the sense the theory of evolution. 

In his Cours de la Botamque fossile (Paris, i 88 i“ 85 ), M. B. 
Renault describes the fossil cycads, cordaites, sigillarias, lepido- 
dendrons, stigmarias, ^erns, and conifers. His classification 
adheres closely'to the Pvstematic arrangement of living plants. 
The same plant-grou]^, together with thalbphytes, mosses, 
calamarias, and equisetes, are ably de^cj^bed in a German 
work which appeared about the same time, Einleiiung in 
die Palmophyiologie^ by Count -von Solms-Laubach (Leipzig, 
1887). • 

Upon the whole, botanists have always taken a more im- 
portant part than geologists in the advance of palaeophytology, 
and in recent years the purely botanical treatment has become 
even mpre predominant. The severe strictures passed by 
Schenk on the uncritical palaeontological papers that appeared 
so numerously in the middle of the last century have had their 
influence; now the author of a paper on any department of 
palseophytology is expected to have a sound knowledge of 
systematic botany. 

It cannot be said that paljeozoology has yet arrived at this 
desirable standpoint. Just as palseophytology has come to be 
regarded and treated scientifically as a branch of botany in the 
only true and wide sense, so should palaeontology be regarded 
as a branch of zoology in its wide sense. But while the 
greatest scientific successes have been achieved by those re- 
search students who have treated their particular subject from 
this wider aspect, we find in the universities that palaeontology 
is often relegated to the care of a geological specialist. Cuvier 
and Lamarck in France, and Richard Owen, Wallace, Huxley, 
Ray Lankester, Alleyne Nicholson have been brilliant ex- 
ponents in Great Britain of the* higher and wider scope of 
zoology. But comparatively few individuals have such a 
thorough grasp of zoological and geological knowledge as to 
enable them to treat palaeontological researches worthily, and 
there has accumulated a dead weight of stratigraphical-palaeonto- 
logical literature wherein the fossil remains of animals are 
named and pigeon-holed solely as an additional ticket of the 
age of a rock-deposit, with a wilful disregard of the. much 
more difficult problem of their relationships in the long chain 
of existence. 

The terminology whi^h has been introduced in the innumer- 
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able monographs of special^ fossil faunas in the majority of 
cases makes only the slenderest pretext of an?y connection 
with recent systematic zoology; if there is a difficulty, then 
stratigraphical arguments are made the basis of a solution. 
Zoological students are, as a rule, toc/l activel^^ engaged and 
keenly interested in building up new c/bservalions to attempt 
to spell through the arbitrary pakeontological ^ conclusions 
arrived at by many^ stratigraphers, or to revise their labours 
from a zoological point of view. 

Until the sixth decade of the nineteenth century the 
exact description of genera and species rec6ived the chief 
attention in the literature both of zoology and stratigraphical 
paleontology. The individual faunas and floras of the past 
time were regarded by the adherents of the Catastrophal 
Theory as creations (luite distinct from one anothcF>, whose 
order of succession and whose mutual relations it was the 
first duty of stratigraphy and paleontology to determine. In 
a prize essay of the Paris Academy, entitled “Investigations of 
the developmental laws of the organic world during the period 
of formation of our Earth’s Surface” (Stuttgart, 1858), H. G. 
Bronn has supplied a valuable compendium of all the known 
paleontological material and the distribution of the fossils in 
the different strata. 

In this work Bronn criticises unfavourably the theories of 
creation and development advanced by Lamarck, Geoffroy 
Saint -Hilaire, Oken, Grant, and others. He admits that 
modifications of organic forms may produce racial distinctions, 
but regards as fallacious, or at least "wholly hypothetical, the 
generatw cequivoca^ the gradual modification of species, the 
descent of all younger forms from older, as well as the evolu- 
tion of more highly-perfected organisms from those on a lower 
platform of organisation. He assumes a creative force which 
not only brought forth the first organisms, but had continued 
during subsequent geological epochs to the present age, and 
had worked independently of chance circumstances and accord- 
ing to a definite plan. The unity of this plan was the basis 
of the apparent relationships between the types of successive 
creations ; as certain types became extinct, others were created 
of similar but more perfect design to replace the gap in the 
organic woild. Thus, by repeated substitutions, as Sedgwick, 
Hugh Miller, Brongniart, and Agassiz had already advocated, 
Broun tties to explain the universal tendency in animate 
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creation towards the improvement of the type. Broun recog- 
nises the frec^uency of so-calMd “mixed forms’’ uniting in 
themselves features whicht subsequently arc distributed and 
specialised in different related genera or families, but he takes 
such forms to be incoi^rovertible evidence of the law of the 
introduction of Improved forms. 

As far back as 1849, Agassiz had distinguished progressive, 
prophetic, “syiithetic, and embryonic types^mong fossil organ- 
isms, and had attributed great importance to the prophetic 
and embryonic types as fore-funners and signs of coming 
changes in the organised relations. A similar conception was 
afterwards conveyed by Richard Owen in his definition of 
“plan-forms” or “archetypes.” 

Both Agassiz and Bronn gave particular attention to the 
grades of differentiation and complexity, and to the systematic 
rank of an animal type, and enunciated fundamental principles 
of animal organisation. In 1854, Edward Forbes for the first 
time in literature pointed out the significance of degeneration, 
or retrogression of types, as shown in certain groups of animals. 

According to’lBronn, two fundamental principles have guided 
the whole succession of organisms from the oldest geological 
period to the present time : first, an extensive and intensive 
productive-force continually increasing in power ; and second, 
the nature and the variations of the external conditions. With 
remarkable skill and ingenuity, Bronn elucidates the circum- 
stances and events upon which the activity of the productive 
force is dependent, as well as the vaiying conditions of the 
atmosphere, the climate, the distribution of land and water, 
the configuration of the successive land surfaces in the past 
ages, and the influence of the varying conditions on the 
animate creation. He infers from these considerations the 
law of te^'ripetal deveIopme?it From a primaeval ocean rose 
cliffs, islands, and continents; the fauna of a universal ocean 
was succeeded by the first settlement of land animals and 
plants ; as the islands and continents increased in size, and 
denudation altered their surfaces, new conditions of existence 
were provided for terrestrial and fresh-water inhabitants, and 
more complex correlations and differentiations of parts were 
rendered possible. The faunas and floras of the oldgr geo- 
logical periods bore a tropical impress : the temperature cooled 
very slowly, and as the conditions approached more nearly to 
those of the present age, the strangc-looking orders, families, 
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genera, and species of the earlier ages gradually became ex- 
tinct and were replaced by those of to-day. ^ 

But whereas Cuvier, Agassiz, D’Orbigny, and other sup- 
porters of the Catastrophal Theory had supposed the faunas 
and floras of any one geological periocj to be sharply defined 
from those of the foregoing and succe/?ding ages, and in fact 
to have no species in common, Bronu insisted that a smaller 
or larger number qf genera and species passed from one age 
to the next, and have been in a measure connecting i?itermediaie 
links. The creation of new types and the extinction of old 
types had not been confined to a few ‘^days(?i’ or “periods” 
of creation associated with great earth catastrophes, but had 
been continually and quietly going on as a consequence of the 
changes in the external conditions of existence which had 
been likewise continuously in progress during th|i whole 
geological history of the earth. At the same time Bronn 
allowed that certain surface changes had been the cause of 
more far-reaching variations of form than others. The period 
of existence that had been assigned to the fossil species was 
extremely unequal; as a rule, however, it had" been very long. 
The limits of the geological horizons, formations, etc., are 
neither in palaeontological nor in geographical or lithological 
respect absolutely sharp, but are frequently more or less in- 
definable. 

The able arguments of Bronn opened up a series of ques- 
tions which until his time had either been entirely neglected by 
palseontologists, or had never benefited by a frank and lucid 
expression of their difificulties. Bronn^s teaching was in close 
harmony with Charles Lyell’s doctrine of the uniformitarian 
development of the earth ; more especially Bronn^s insistence 
upon the continuity in the processes of change, and his scien- 
tific demonstration of transitional species and genera bridging 
the supposed gaps in the palaeontological and stratigraphical 
succession provided a stepping-stone for the acceptance of 
Darwin’s grander principles. When, in the year 1S59, Darwin’s 
epochal work On the Origin of Specks by means of Natural 
Selection appeared, it was Bronn who was one of the first in 
Germany to recognise it as the outcome of an extraordinary 
genius,^ and he immediately translated the work into the 
German language. 

The publication, in 1866, of Ernst Haeckel’s work on 
General Morphology was the first pjt'actical application of 
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Darwin’s theory to zoological classification, and it exerted 
a widespread* influence both in^extending the knowledge of 
Darwin’s leading principles and in demonstrating the great 
superiority of a scheme of classification based upon these 
principles over J;he nmny artificial schemes which had been 
previously proposed on the basis of recurrent earth cata- 
strophes, or on that at' repeated exhibitions of the creative 
force and thS working of inscrutable laws. ^ 

A decade after the publication of the Origin of Species^ 
Darwin’s theory of descent wi^s almost universally accepted 
as the most natural basis of classification in all the domains 
of the science of animal organisms. Darwin’s conception of 
the origin ^f species could not fail to enhance the interest of 
palaeontology. That study was realised to be no longer meiely 
descriptive and comparative, or the means of bringing useful 
material to the sciences of botany and zoology, but a branch 
of knowledge to be studied for its own intrinsic interest. 

The greatest likelihood of solving some of the obscure 
problems of the origin and extinction of species lay with the 
paljeontologist, %ince the rich material at his command, ex- 
tending through many successive ages, comprised the record 
of the incoming and outgoing of countless types of life. The 
origin, geological development, gradual modification, differ- 
entiation, improvement or degeneration of the individual 
groups of the animal and plant kingdom, the genealogical 
relations of the primaeval and recent organisms, the phylogeny 
of the plant and animal world, the relations between the 
developmental history (ontogeny) of the single individual, 
and the history of descent (phylogeny) of the family, order, 
and class to which the individual belongs, are questions which 
can be answered either exclusively by palaeontology or only 
with its assistance. * 

With Darwin begins the modern period of paleontological 
research. Numerous and important evidences were brought 
forward in favour of the doctrine of descent The continuous 
series of forms, which can be followed through several strati- 
graphical horizons and formations with greater and less 
variations, the occurrence of mixed and embryonic types, 
the parallels of ontogeny with the chronological succession 
of related fossil forms (biogenetic principle of Haeckel), the 
similarity in the general impress of the fossil floras and faunas 
next each other in ag§, the agreement in the geographical 
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distribution of the existing organisms and their fossil ancestors, 
as well as many other facts, are only comprehensible on the 

• assumption of the doctrine of transmutation. _ , 

Sontology has taken an active part since 1S70 in the 
establishment of the theory of desceif;;^, and at the present 
day plwlogenctic problems are regarded as one of 
charms' in paleontological research. Ihe charactu of 
SlSntological literature has been correspondingly modified ; 
E purely stratigraphical treatment of paheonto og.cal results 
has been held more and mofe distinct from the biological- 
systematic treatment, and the latter places toe genealogical 
d^irection of research more and more m the foreground. Ihc 
literature has been so extensively increased, and has been 
contributed in so many different language^ and ofieii cir- 
Slated in so few copies, that very great difficulties rtand m 
the way of obtaining a complete general survey of Us results. 

The olLr text-books of Broun, D’Orbigny ^^“fnf^dTr and 
Giebel Nicholson, and others were rapid y out of date, and 
Sre pauially designed only to meet the requirements of 

der Palmnfohgk of Karl A-vren Zittel, the 
botanical part of which was written by Schimper and 
A. Schenk, endeavours to provide a general survey of 
Dalseontolo-^ical subject-matter in harmony with the modern 
Endpoint of zoology. The original intention of the author 
S re comprise Pateozoology in one volume but as the woA 
proceeded it extended to four thick volumes, and the 

Empletion of the work occupied sJu^ 

The chapter on fossil insects was contributed by S. bcudder 
ThroughEt the entire work a primary object has been to 
point Et the close relationships between pateontology and 
the other branches of biological science (Zoology. Comparative 
Anatomy, Botany, Embryology), and to make apphcatio 
EteOTtoloi^y of the data acquired by those sciences The 
subject-matter is therefore arranged in strict 
and^ the enumeration of each particular group of forins 

preceded by an introduction elucidating the mam features 0 
ffifSani ation. The histological structures are described in 
much Sr detail than in any of the former text-books of 
Pateontology. In the special sy^j^matic portion all weU- 
founded genera are accepted and described, the doubUul 
genera are eliminated or only briefly mentioned. Ihe 
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systematic account of each larger gtoup of forms is followed 
by a brief sketch of the geofogical distribution and the 
phytogeny of the foregoing forms. Importance is given to the ^ 
data which afford evidence of the genetic connection of the 
members of individua^l branches, classes, orders, and families ; 
but the representation is kept free from bias towards one 
direction of thought %r another. Where pal^eontol&gy can 
bring forward no evidences in favour jDf the doctrine of 
evolution, or where considerable gaps occur in the palaeonto- 
logical sequence and seem to** speak rather for the opposite 
views, the authors have consistently endeavoured to set forth 
the actual facts with full impartiality. 

Zittel’s Hafidhooh has served as a model for nearly all the 
more recently published smaller text-books, such as those of 
Hoern(^ (1S84), Steinmann-Doderlein (1890), Bernard (1895), 
Zittel (1895), and Smith-Woodward (1898). 

Two works of very great interest have been added to 
geological and palaeontological science by Neumayr.^ The 
one is his Erdgeschichte^ and is full of original and suggestive 
conceptions ; the other is his Silwimen des Thierreichs^ which 
unfortunately remained unfinished. The published portion, 
which comprises the groups of the Protozoa, Coelenterata, 
Echinodermata, and Molluscoida, introduces many new points 
of view, and will have a permanent value both for palaeontology 
and zoology. 

Probably the most influential disciple and exponent of the 
theory of descent was the great English zoologist, Thomas 
Huxley. Cope in America, Gaudry in France, and Haeckel 
in Germany are zoologists who have likewise been in the fore- 
front of the new teaching. 

Huxley’s palaeontological works, like those of Gaudry and 
Cope, are mostly devoted to vertebrate animals, and are 
distinguished by his remarkable acuteness of observation and 
his genius for inductive combination. His determination of 

^ Melchior Neiimayr, born in Munich on the 24th October 1845, the 
son of a high state official, studied in Munich and Heidelberg ; after he 
gtaduated, he entered in 1S68 the Impeiial Geological Survey Department 
at Vienna, and contributed several special papers on the geology of various 
areas of Hungary, Transylvania, and North Tyrol j in 1872 became a 
University tutor in Heidelberg, but in 1873 was called to Vienna to he 
Professor of Paleontology, a chair which had been founded especially for 
him. In the midst of his labours, he died on the 29th January 1890, of 
heart disease. ^ 
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the genealogy of the horsej^his elucidation of the genetic 
relations of birds and reptiles, his memoir on C?rossopterygia, 
• are among the classical productions of palosontological and 
zoological science. The works of Gaudry deal with the 
genealogical relations of the different dasses of animals and 
their descent from primteval ancestop, and ^are written so 
convincingly, and with such elegance of style, that they have 
roused an interest ^for paloeontology in the wfdest circles. 
Scientific interest is chiefly concentrated upon his admirable 
contributions to the genealogies of the fossil Vertebrates. 
E. D. Cope,^ together with Herbert Spencer, may be regarded 
as the head of the Neo-Lamarckian School, which has a strong 
foothold in North America. In opposition to Darwin, the 
gradual changes in the organic creation are not explained as 
the result of natural selection, but chiefly attributeda to the 
influence of use and disuse of parts, and also to the influence 
of the external environment, such as the supply of nourishment, 
climatic conditions, mechanical agencies, etc. Upon these 
principles Cope has attempted to explain the Kmetogenesis or 
gradual evolution and modification of the skeletal structures 
and teeth of Vertebrates. More recent work by H. F. Osborn, 
carried out in accordance with Cope’s conceptions, has attained 
a certain success. 

Amidst the very large number of special memoirs and books 
which treat individual sub-divisions and groups of fossil animals, 
it is only possible here to single out those which have exerted a 
marked influence upon the progress of systematic palasozoology, 
or on the phylogenetic relations of fossil faunas.^ 

^ Edward Drinker Cope, born 1840 in Philadelphia, belonged to an old 
and wealthy family ; as a boy he was fond of travel, and at nineteen years 
of age he published a valuable zoological memoir on Batrachians. On the 
conclusion of his studies in PhiladeJ,phia, he made a journey to Europe in 
1863 to become acquainted with the European museums. In 1864 he 
accepted the post of Professor of Compaiative Anatomy at Haverford 
College, but he resigned it in 1867. From 1865 onward, Cope devoted 
his time chiefly to the study of fossil Vertebrates, and partly at his own 
expense, partly as a member of the Hayden and Wheeler Expeditions, he 
made exploring tours in search of material through Kansas, Colorado, 
Wyoming, New Mexico, and Texas, at the same time producing a large 
, number of memoirs. In 1889 he was appointed Professor of Geology and 
' wiMineralogy at the Academy in Pennsylvania; he died on the 12th April 
1897. His large collection of fossil Mammalia was secured by the 
American Museum in New York. 

^ The works mentioned in the following pages are fully cited in the 
references subjoined to Zittefls Handbook. ^ 
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Protozoa . — The fossil remains of Protozoa are naturally con- 
fined to those classes or order? which are shell-producing 
during life. The most widely distributed fossil representatives , 
of the Protozoa are the Foraminifera or Polythalamia (Reti- 
cularia, Carpenter), which enter largely into the composition 
of many marine limestones, and whose occurrence has been 
known for several centdfies to natural historiajris. The* earlier 
memoirs of Bre}^ (1732), Soldani (1780^ Fichtel and Moll 
(1803), Lamarck (1804-7), Denys de Montfort (1808-10), 
wherein a considerable number of these small forms are 
described and ^figured, were followed by the more compre- 
hensive investigations of Alcide d’Orbigny (1824). These 
for the first time made the attempt to introduce a S5^stematic 
order and classification into this group of testaceous organisms, 
which \5ere still almost universally regarded as mollusca, 
belonging to the group of cephalopods. 

D’Orbigny distinguished two main groups among the Poly- 
thalamia, one of which (Siphonifera) contains the chambered 
shells of the true cephalopods, while the other (Foraminifera) 
embraces the shells characterised by the perforations in the 
dividing walls of the chambers. The Foraminifera are then 
sub-divided by D’Orbigny chiefly according to the external 
features of the shell, and the number and arrangement of the 
chambeis. 

A number of the species enumerated in the Tableau MktJiod- 
ique have been made known far and wide by enlarged models, 
which were distributed to various academies in 1825 and 1826, 
D’Orbigny also contributed a monograph on the fossil Forami- 
nifera in the Tertiary deposits of the Vienna basin. 

The advance effected by Ehrenberg’s microscopic examina- 
tion of thin slices of Foraminifera has already been mentioned 
(p. 326), But although so accurate an observer, Ehrenberg 
formed fallacious views respecting the organisation of the 
group, and thought the Foraminifera might belong to the 
Bryozoa. Dujardin in 1835 contested many of Ehrenberg’s 
conclusions, and demonstrated that the Foraminifera belonged 
to the Rhizopoda. Williamson, Reuss, and especially W. B. 
Carpenter, objected to the previous schemes of classification 
which had been formulated merely upon external featmres of 
the skeleton and habits of growth. The investigations of 
Williamson on the fine details of structure, and the famous 
work by Carpenter on tlje Microscopic Structure and Classijica- 
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iion of the Foramintfem, completely overthrew the older 
classifications and formed Ihe basis of our present intimate 
knowledge of these exi^uisite little shells. 

Carpenter divided the Reticularia _ into twe sub-classes: 
imperforata and Perforata, and sub-divisled each of these sub- 
cKsses into several families clistingLiisbed according to the 
chemical composition and microscopic structure of the tests 
The views held by i;:arpenter and his collaboratofs, Parker and 
Tones, regarding the confines of the S^imra and species, 
differed very considerably from those of D’Orbigny, as the 
English zoologists often comprised under the same generic 
title forms very different in their external appearance, on the 
plea that they were connected by intermediate types. 

Reiiss has published from 1839 onwards a large number 
of papers, mostly in the Transactions of the Vienna A^pademy, 
descrying individual species of fossil Fovaminifera from 
all geological formations. The works of 1 arker and Jones, 
extending from the year 1857, follow the same direction 
of special research. The classifications of Schwager and 
Brady introduced several modifications of Carpenter s scheme. 
Brady pointed out that the sub-classes Imperforata and Per- 
forata could not be so sharply defined as had been done by 
Carpenter, for example the group Lituolidea, which Carpenter 
had ranked under the sub-class Imperforata, included also 
certain species which were finely^ perforate. This matter, 
alono' with other systematic "difficulties, has been moie recently 
discSssed by Ray Lankester, in his descriptive and classifi- 
catory account of the Protozoa, published m the Encydopmdia 
Brilannica. Brady’s Report on the Foraminifera of the Chal- 
hmer Expedition, and his monograph of the Foraminifera in 
the Carboniferous Limestones of Great Britain, are two of the 
finest productions in this domain of research. 

In the French literature of the Foraminifera, the excellent 
monograph of the Nummulites by D’Archiac and Haime takes 
the highest place. Terquem and Berthelln even at the present 
time are wholly disciples of D’Orbigny. Meunier-Chalmas 
and Schlumberger have, on the other hand, placed great 
significance on microscopic researches of the shell-architecture, 
and have made many interesting observations on dimorphic 
forms of the initial chamber. In Italy, Michelotti, Seguenza, 
Silvestri, and more particularly Fornasini, have described tbe 
Foraminifera present in the younger Tertiary deposits. 
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In addition to the Foraminifera, the Radiolarians with 
silicebus or clfitinous tests represent another class of Protozoa 
,, which come u^ider consideration in palaeontological researches. 

' The knowledge of the J:ladiolana does not extend so far back 
as that of Foraipinifera. The earliest accounts of these micro- 
scopically minute organisms were given by Tilesius .(1806) 
and by Meyer (1834); but Ehrenberg was the*first investigator 
who disclosed the wonderful variety and beauty of their sili- 
ceous skeletons. In a series^ of special monographs and 
magazine articles extended over a long period of years from 
1838 to 1875, Ehrenberg described many hundred forms 
belonging to this group, which he had called Polycystina. His 
material had been collected from recent oozes on the ocean- 
floot, and from the Tertiary marls of Sicily, Zante, Oran, 
North jftm erica, and Barbadoes, the last-mentioned locality 
alone providing 278 species. But Ehrenberg bad very obscure 
notions about the organisation of the Polycystina. 

The living structure and the systematic position of this 
group were elucidated by Huxley in 1851. A fuller exposition 
of the zoological aspects was given in 1855 by Johann Muller, 
who suggested the term of Kadiolaria as better suited for the 
group than Ehrenberg’s name of Polycystina. The beautifully 
illustrated monograph of the Radiolaria by Ernst Haeckel 
erected a complete classificatory system for the Radiolaria, 
and won universal admiration for the artistic representations of 
the infinite diversity in the skeletal forms produced by these 
simple organisms. 

HaeckePs works are chiefly devoted to recent Radiolaria, 
and at that time, in 1862, science was only cognisant of the 
occurrence of fossil Radiolaria in the Tertiary deposits. 
Zittel, in 1876, described some older forms from Upper Cre- 
taceous strata, and between 188^ and 1892 D. Rust carried 
out a long series of researches, preparing microscopic sections 
of siliceous rocks from all the geological formations ; he suc- 
ceeded in demonstrating the presence of numerous Radio- 
larian species from the Cambrian or oldest Palaeozoic 
formation onwards to the present age. 

Brief mention must be made of a controversy that arose 
regarding certain structures thought to represent the eldest 
known animal organism. In the year 1858 MacCulloch col- 
lected in the Laurentian gneiss of Canada curious aggregates 
of serpentine and caltrite, arranged in irregular alternate 

25 
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layers, the serpentine havingf rather a reticulated distribution 
in a ground-mass of calcitc. Logan regarded silch aggregates 
as altered masses of an originally organic growth, and in 1864 
Sir William Dawson described these ^•eliculate stiuctuies as 
the ramification of a Foraminiferal growth i|ndcr the name 
of EoK)on Canadense. This view Fas supported by Car- 
penter in 1876' and was afterwards confirmed by Parker, 
Jones, Brady, RetTSs, and other specialists, whereas King, 
Rowney, and Carter contended that the supposed Eozoon was 
not an organic structure, but had been produced by processes 
of mineralogical segregation. The controversy continued for 
many years, until Moebius, of Kiel University, published what 
is considered by most geologists a decisive paper in favour 
of the inorganic origin of the Eozoon structure. Moebius 
contended that the serpentine matter of the “Canal System” 
had been infiltrated into the calcite along fine vein-fissures 
disposed in the calcareous rock with exceptional regularity. 

Sponges . — No group among the Invertebrates resisted 
scientific treatment so long as the fossil sponges. This is 
scarcely surprising, when it is remembered that zoologists 
were still in doubt in the early part of the nineteenth century 
whether the marine sponges belonged to the vegetable or 
animal kingdom. The pioneer investigations of Robert 
Grant (1825) first afforded a true conception of the organisa- 
tion of these creatures; and after Grant, several English 
scientists — among others, Johnstone, Bowerbank, and Carter 
— made important advances towards securing a better grasp of 
the morphology and systematic relations of the group. 

The backward state of zoological knowledge of living sponges 
made it almost impossible for palaeontologists to attempt any- 
thing more than a description and illustration of the fossil 
sponges. The first volume (1826) of the Feirefacia Germanim 
of Goldfuss and Munster included seventy-five species of fossil 
sponges, which the authors distributed under eleven generic 
names; but the work of Goldfuss shows little advance on the 
works of earlier writers, Giiettard, Parkinson, Mantell, and 
others. The works of Michelin (1840-47) and Blainviile ai^o 
yield Tnerely descriptions of the external form, without any ac- 
count of the finer structural features. These authors take the 
same standpoint as Goldfuss, in assuming that the fossil 
sponges are ancestral forms of the livTng ceratose sponges, in 
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which the horny fibres had been changed to stone by means of 
the processes of petrefaction Similarly, the works of Geinitz, ^ 
Kiipstein, Pnsch, Reuss, Quenstedt, and Roemer increase * 
the knowledge of the^ndless diversity of form presented by 
sponges, but add little to a scientific comprehension of their 
structure. f • 

A notable- position in the older literature of sponges is 
taken by the two short memoirs of Toulhfin Smith (1847-48), 
wherein the structure of the Ventriculites from the white chalk 
is fairly accuraj^ely represented. Owing, however, to the fact 
that the nearest allies among living sponges, the Hexactinellids, 
were unknown at the time of his investigations. Smith drew 
fallacious inferences regarding the nature and systematic 
position of these fossils. He compared them with Bryozoa. 

In tlfe year 1851, D’Orbigny devised a badly-arranged 
scheme of classification for fossil sponges, upon the basis solely 
of external features. He called all fossil sponges Petro- 
spongi^,^^ and contrasted them with recent sponges, ascribing 
to fossil sponges an originally stony skeleton composed of 
calcareous fibres. According to D’Orbigny, the petrospongiae 
form a curious and extinct sub-division of the sponges. This 
erroneous conception of D’Orbigny’s was shared by Fromentel, 
but the latter author, in differentiating genera and species, made 
use of differences' in the canal system and in the kinds of pores 
and openings at the surface. Friedrich Roemer followed 
FromentePs method, and he differentiated between sponges 
with fenestrated skeletal structure and sponges with a skeleton 
composed of “ worm-shaped fibres.” Pomel also made careful 
observations of the skeletal structures so far as those could be 
distinguished with the naked eye or by the aid of a hand-lens. 

The deep-sea investigations of the last part of the nineteenth 
century initiated a new era in me investigation of sponges, 
recent and fossil. Wyville Thomson, the leader of the 
Challenger Expedition, was the first to point out the similarity 
in the structures of fossil ventriculites and living silicispongise. 
In 1870, Oscar Schmidt, by the method of etching Jurassic 
and Cretaceous specimens, demonstrated in fossil forms the 
presence of certain skeletal structures similar to those of 
existing hexactinellids and lithistids. Nevertheless the fossil 
sponges still presented an apparently distinct and well-defined 
group, until almost simultaneously Zittel and Sollas resolved to 
apply NicoFs method and prepare thin slices of the fossil 
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material for microscopic examination. In 1877, Sollas 
Sted by examination of several genera be ongmg to Ae 
English chalk, the identity of their structure ^at of 1 vmg . 
hexactincllids, lilhistids, and monactmelhds. Aittel, m 1670, 
Dublished his microscopic investigations embleming re w e 
fte foil! sponges, 4etber with a o the gen^^^^ 

Cceloptychium. In this work, as , "^^'l^strS 

publiLed during tHe following year, it was ^ly demons^ed 
that all fossil sponges could.be included “ ^ 

classification erected for existing sponge ■ Calci- 

showina that a large number of sponges refeired to ^ ^ 

rSsYndT— 

InH hZn railed in ouestion by E. Haeckel in his monograph of 

first, Zittel’s evidence ultimately been 

Thp 'inDlication of the microscopic method, which haa oeen 
used by Zhtel and Sollas, was followed in almost all the later 
;SicatS?onfossiU^^ the 

bv Zittel for recent and fossil sponges was confirmed m its 
lin ituM and f'-dd.r >;«P™ved % the 
anatomical investigations of O. Schmidt, F. E. Schulze, Carter. 
Vosmaer, Lendenfeld, and others. cnnnapq at the 

The most ■S^tioguished smdeme rf 

SSTuSeTa mo’wt o 7 L fossil sponges (.8S4) in the 

mtSSfo^coJtfon ,< the Btidsh 

present engaged on a moriograph o e • .p .887 in the 
Litain, pirts of which have appeared since 1887 n the 

publications of the Pateontograp^al 

produced in his Palmospongiology (1893) an exemplary repre 
sentation of all the palaeozoic forms of sponges. 

CmknUrates.-^5^ to the year 1825 
security about the organisation of the otganism ^ 

comprised under the group of the Coelentera. The schemes o^ 
classification attempted by ^tnouroui^ Esper, Lamarck ana 
others are full of errors; the researches of Ehrenberg ana 



PALAEONTOLOGY. 


3^9 


Milne-Edwards first revealed t^e anatomical structure of 
zoophyte organisms, and made it possible to differentiate them 
from a number of other forms with which they Had been * 
erroneously dncluded^ in previous classificatory systems. 
Ehrenberg based his classification of coral zoophytes exclu- 
sively on the characterf|Of recent corals, more especially on his 
examination ^f the Rea Sea corals. The number of tentacles 
was, in his opinion, the leading feature of distinction ; according 
to It be erected the main sub-divisions of his classification. 

Fossil corals were described and figured in most of the 
larger palseontSlogical works that appeared during the first 
half of the nineteenth century. The illustrative plates of 
Goldfuss (1826), Michelin (1841-47), Lonsdale and MacCoy 
display a large number of fossil species, but notwithstanding 
the advances that were being made in the knowledge of living 
corals, the systematic treatment of fossil corals in these works. 
is as crude and antiquated as in the much earlier works of 
Guettard, Parkinson, and Schlotheim. The profound and 
exhaustive works of Milne-Edwards ^ and Haime revolutionised 
the study of corals. These scientists made a thorough investi- 
gation of the organisation of living polyps, and from that 
proceeded to examine group after group of the fossil corals, 
directing attention equally to the evidences afforded by the 
skeleton regarding the original form and structure of the fossil 
polyps, and to the phylogenetic indications given by the 
occurrence and distribution of the fossil faunas in the strati- 
graphical succession. The penetrating critical instinct and 
unbiassed judgment of the authors produced a work which is 
recognised to be one of the most skilful that has ever appeared 
in scientific literature. The classificatory system of Milne- 
Edwards and Haime is based upon the character of the septa 
and the mode of their increase in number, and with a few 
modifications, the system has remained until the present day. 

•Later works on fossil corals for the most part dealt with 
the coral faunas of particular localities or of a particular 
stratigraphical horizon. Of special value arc the monographs 
of Reuss, Fromentel, De Koninck, Koby, Hall, Becker, 

^ Henri Milne-Edwards, born iSoo in Bruges, studied medicine in 
Paris, and was at first the Professor of Natural History in the College 
Henri IV., then in 1841 at the Museum. In the year 1862 he was 
appointed Professor of Zoology, and two years later Director of the 
Museum j died 1885 in Parts. 
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material for microscopic examination. In 1877, Soilas demon- 
strated, by his examination of several genera belonging to the 
English chalk, the identity of their structure witl),that of living 
hexactinellids, lithistids, and monactinetllids. Zittel, in 1876, 
published his microscopic investigations embracing the whole 
of the fossil sponges, together with a n^onograph of the genus 
Cceloptychium. "in this work, as well as in c' the studies 
published during tne following year, it was fully demonstrated 
that all fossil sponges could ^be included in the scheme of 
classification erected for existing sponges. Zit|el succeeded in 
showing that a large number of sponges refeired to the Caleb 
spongiae by previous authors had been originally arenaceous, 
but the sandy material had been dissolved, and in its place 
calcareous substance had been laid down. This removed the 
greatest difficulty in the study of fossil representatives of the 
Silicispongige. Zittel also demonstrated the true calcareous 
structures of numerous fossil Calcispongise, whose existence 
had been called in question by E. Haeckel in his monograph of 
the Calcispongise (1872), and in spite of mucb contradiction at 
first, ZitteFs evidence ultimately received general acceptance. 

The application of the microscopic method, which had been 
used by Zittel and Sollas, was followed in almost all the later 
publications on fossil sponges, and the classification proposed 
by Zittel for recent and fossil sponges was confirmed in its 
main features and further improved by the zoological and 
anatomical investigations of O. Schmidt, F. E. Schulze, Carter, 
Vosmaer, Lendenfeld, and others. 

The most distinguished students of fossil sponges at the 
present day are G. J. Hinde and Hermann RaufF. The former 
has published a monograph of the fossil sponges (1884) in the 
Natural History Collection 9! the British Museum, and is at 
present engaged on a monograph of the fossil forms of Great 
Britain, parts of which have appeared since 1887 in the 
publications of the Palaeoiitographical Society. Rauff has 
produced in his Falceospongiology (1893) an exemplary repre- 
sentation of all the palaeozoic forms of sponges. 

Cmienterafes , — Up to the year 1825 there was great in- 
security about the organisation of the organisms at present 
comprised under the group of the Coelentera. The schemes of 
classification attempted by Lamouroux, Esper, Lamarck, and 
others are full of errors; the researches of Ehrenberg and 
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Milne-Edwards first revealed t^e anatomical structure of 
2'oophyte organisms, and made it possible to differentiate them 
from a number of other forms with which they had been * 
eironeously includec^ in previous classificatory systems. 
Ehrenberg baspd his classification of coral zoophytes exclu- 
sively on the character?|Of recent corals, more especially on his 
examination ^f the Reel Sea corals. The number of tentacles 
was, in his opinion, the leading feature of (Mstinction; accoiding 
to it he.erected the main sub-divisions of his classification. 

Fossil corals were described and figured in most of the 
larger palmontSlogical works that appeared duiing the first 
half of the nineteenth century. The illustrative plates of 
Goldfuss (1826), Michelin (1841-47), Lonsdale and MacCoy 
display a large number of fossil species, but notwithstanding 
the advances that were being made in the knowledge of living 
corals, the systematic treatment of fossil coials in these works 
is as crude and antiquated as in the much earlier works of 
Guettard, Parkinson, and Schlotheim. The profound and 
exhaustive work^ of Milne-Edwards ^ and Haime revolutionised 
the study of corals. These scientists made a thorough investi- 
gation of the organisation of living polyps, and from that 
proceeded to examine group after group of the fossil corals, 
directing attention equally to the evidences afforded by the 
skeleton regarding the original form and structure of the fossil 
polyps, and to the phylogenetic indications given by the 
occurrence and distribution of the fossil faunas in the strati- 
graphical succession. The penetrating critical instinct and 
unbiassed judgment of the authors produced a work which is 
recognised to be one of the most skilful that has ever appeared 
in scientific literature. The classificatory system of Milne- 
Edwards and Haime is based upon the character of the septa 
and the mode of their increase in number, and with a few 
modifications, the system has remained until the present day. 

Later works on fossil corals for the most part dealt with 
the coral faunas of particular localities or of a particular 
stratigraphical horizon. Of special value arc the monographs 
of Reuss, Fromentel, De Koninck, Koby, Hall, Pecker, 

^ Henri Milne-Edwards, born iSoo in Bulges, studied meiicine in 
Paris, and was at first the Piofcssor of Nalinal Ilistory in the College 
Henri IV., then in 1S41 at the Museum. In the year 1S62 he was 
appointed Professor of Zoology, and two years later Director of the 
Museum ; died 1885 in Parfs. 
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Milaschewitsch, D’Archiardi,: and Duncan's book on British 
fossil corals has enjoyed a wide circulation. Qu^nstedt alone 
adheres both in his text-books and his PaImo 7 itolo^ of Germany 
(voL vii., 1889) to the old system of Ehrenberg, and continues 
to group the Bryozoa along with the corals. ^ ^ 

A sl^ort but very important paper ;yas published in 1869 
by A. Kunth. This observer pointed out the fundamental 
difference in the m?*?thod according to which new septa had 
developed in the Palaeozoic group of the Rugosa, as compared 
with the order of intussusception of the septa in the younger 
corals; and he showed how with this difference®" was associated 
the bilateral symmetry of the Rugose corals on the one hand, 
and the radial symmetry of the younger corals. After the 
publication of Kunth’s memoir, the Rugose corals, also known 
under the synonyms of “ Tetracorallia" or Pterocforallia,” 
were treated as an independent group in the classification of 
corals, distinct from the younger group of “ Hexacorallia," for 
which Milne-Edwards’ and Haime’s observations still held good. 
Kunth's work gave a new impulse to the study, of the Rugose 
group of Palaeozoic corals, and was followed by a number of 
special memoirs, those of Dybowski, Nicholson, Schliiter, 
Lindstrom, and Freeh, among many others. 

In 1872, Lacaze-Duthiers made known his valuable embryo- 
logical investigations, which necessitated a new revision of the 
laws of septal symmetry enunciated by Milne-Edwards and 
Haime. The discoveries made by L. Agassiz and Moseley 
regarding the zoological relationship of Millepora and Helio- 
pora entirely overthrew the group of Tabulata as it had been 
defined in the system of Milne-Edwards and Haime. And 
Dybowski, Roemer, Nicholson, and other leading authorities 
on Palseozoic corals then endeavoured by the most detailed 
investigations of the growtbT-relations, the organisation, and 
finer structure, to explain the remarkable diversity of forms 
comprised in this group. 

The microscopic structure of the calcareous skeleton had 
been little taken into consideration by Milne-Edwards and 
Haime. In 1865, Kolliker first directed attention to it ; in 
1 88 2,* there followed almost simultaneously the works of Pratz 
and Kech, showing illustrations of microscopic sections, and 
a similar method was followed by Nicholson, Freeh, Volz, 
Felix, Struve, and others. The most comprehensive investiga- 
tion into the microscopic structure of the skeleton of living and 
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fossil corals has been contribute^ by Maria M. Ogilvie (i8g6). 
Upon the ba?iis of her comparative microscopic researches, the 
authoress suggested certain classihcatory reforms which appear* 
to weaken \%ry materially the strong distinctions previously 
drawn between the '^etracorallia and Hexacorallia, as well as 
between the BTexacorallian sub-divisions of Aporosa ajid Per- 
forata. The special elamination of a large number of inter- 
mediate forms among Jurassic corals also^^nabled her to bring 
forward many evidences of the phylogenetic relationship of 
Tetracorallian and Hexacoralli^fn types. 

After Moseldiy ( 1 ^ 77 ) bad published his treatise on Millepora, 
and in the same year J. Carter had pointed out the close 
relationship of Hydraciinia^ Farkeria^ and Stromafopora^^ a 
number of organisms which had been consigned variously to 
the Bryozoa, and sometimes to the group of P’oiaminifera, were 
recognised as Hydrozoa. Steinmann (1878) and Canavari 
(1893) described new fossil genera from Jurassic and Cretaceous 
deposits, Bargatzki (1881) described the Stromatoporoids in 
the Devonian spies in the Rhineland, and Nicholson (1886-92) 
published a monograph of all known Stromatoporoids. The 
Grapioiites, an extinct group of Hydrozoa confined to the 
oldest fossiliferous deposits (Silurian and Cambrian), have 
been the subject of very careful palEeontological investigations. 
They were taken for Cephalopods by Wahlenberg and Schlo- 
theini, and for Foraminifera by Quenstedt, while others placed 
them amongst Alcyonarians. Portlock (1843) was the first to 
recognise their resemblance to the Sertularians. Barrande 
published (1850) the earliest detailed account of the Bohemian 
Graptolites, but still compared them with the Pennatulids. 
The works of Suess, Scharenberg, Geinitz, and Richter 
extended the knowledge of Graptolites only in a moderate 
degree ; on the other hand, an^ excellent monograph of the 
Graptolites occurring in the Quebec Series ” of rocks was 
contributed by J. Hall in 1865, adding a number of new, 
well-preserved species to the group, and affording much im- 
portant information regarding the organisation and zoological 
position of Graptolites. 

In the year 1872 Nicholson gave an admirable survey of 
all the facts known about Graptolites, and in 1873 
communications appeared by Lapworth. The researches of 
this acute observer were continued until 1882, and revealed 
many new and important data respecting the structure, the 
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development, the growth, rel|.tions, and geological dlstiibution 
of the Graptolites. All later writings on Graptofites are based 
upon the results obtained by Lapworth. During the last few 
years Holm and Winiann have by me^ans of novel methods 
of technique determined the finest structural features of different 
Graptolite genera, and R. Riidemann ^1895) made some for- 
tunate Siscoveries which threw light oil the modp of life and 
the relationship of ti^se remarkable organisms. 

Fossil Jfedusas are of very rare occurrence; well-marked 
impressions found in the lithographic shales of the Franconian 
Jura Chain have been carefully described by lieyrich (1849), 
Haeckel (1865-70), and Ammon (1883). Nathorst in 1881 
assigned to the IMedusas certain casts in the Cambrian sand- 
stone of Sweden, and quite recently (1898) Walcott described 
a large number of cast structures in the Cambrian ^deposits 
of North America as of Medusa origin. 

Echinoder?ns, — In the eighteenth century Klein had proposed 
for the sea-urchins the class name of Echinode/mata. Cuvier 
united under the same class the Ophiuridea or sand-stars, 
the Holothtridea or sea-slugs, and the E 7 ic?'imies, without, 
however, recognising the Encrinites as a separate sub-division. 
In 1821, J, S. Miller, a native of Dantxig although resident in 
Dublin, published an excellent monograph on all the fossil 
Sea-lilies or Encrinites then known, and combined them into 
an independent sub-division or order which he named 
Ctinoidea, In 1828, Fleming erected the order of JBIasioidea 
for the Pentremites which had been discovered in 1820 by Say 
in the North American Caiboniferoiis Limestone, and in 1845 
Buch erected the order of Cystidea for a group of fossil 
Crinoids then very little known. Thus the limits and the 
chief orders of the Echinodemata were definitely established, 
and at the suggestion of Leuckart in 1848 the class Echino- 
dermata, which had hitherto been treated systematically as 
closely allied with the Coelenterata, was represented as an 
independent branch of descent in the animal kingdom. In 
addition to Leuckart’s fundamental differentiation of these two 
animal classes, it was he who first combined the Crinoidea, 
Cystoid^a, and Blastoidea under a common group -name 
Eelmaiozoa^ and placed it in contradistinction to the other 
sub-divisions of Echinodermata, the Echinidea, Asteridea, 
Ophiuridea, and Holothuridea, 
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The systematic study and mcyphology of the Pelmatozoa 
was greatly tidvanced by J. S. Miller’s Monograph of the 
Crinoidea^ which masterly work constructed a secure basis for* 
all future incfuiry into the morphology of the group. Miller 
made application of the architectural arrangement of the plates 
in the calyx as a basis of classification, and recent researches 
have frequei‘y;ly found if advantageous to revive leading features 
in Miller’s classification. m 

Goldfuss and Mlinster added a number of new specific 
descriptions to the knowledge of Crinoidea, but made no 
attempt to eluefdate the structiiial relations. Three impoitant 
memoiis were contributed by the anatomist, Johann Milller, on 
the structure of Pentacrinus (1841), on Comatula (1847), and 
on the structure of Echinoderms generally (1853). These 
memoir* were published in the Transactions of the Berlin 
Academy, and for several decades formed the groundwork of 
further zoological investigations in this group. Miillcr included 
the study of fossil forms in his researches, and he sub divided 
the known Cripoidea into three sub-orders — Tesselata, Arti- 
culata, and Costata. 

Almost simultaneously with Muller’s works there appeared 
in England a monograph of fossil and recent Crinoids by the 
two Austins (1843). spite of many new and valuable 

observations, this work was unsuccessful, on account of its sub- 
division of Crinoids into stalked and unstalked groups. This 
sub-division was regarded as quite artificial, seeing that the 
gifted zoologist, Vaughan Thomson, had in 1836 demonstrated 
the development of the genus Comatula from a larval stage 
resembling a stalked Pentacrinus. 

The anatomical structure of the living Pentacrinus was 
described by Liitken (1864), and that of the Comatulids was 
elucidated by the researches of*Wyville Thomson (1865) and 
W. B. Carpenter (1866). The deep sea explorations off the 
coast of Norway led to the discovery of Rliizocrinus, and the 
detailed investigation of this interesting genus, carried out by 
Sars (1868) and Ludwig (1877), met with a cordial reception 
in palaeontological circles. 

Numerous monographs and shorter papers on Palaeozoic 
Crinoidea were meanwhile being published ; among tke more 
voluminous writers on this subject were De Koninck and Le 
Hon (1854), Hall (1847-72), Roemer (i860), Ludwig Schulze 
(1866), Meek and Worthen (1866-75); Mesozoic Echino- 
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work on the Swedish Crinoids, edited by Lindstiom (1878), 
tewisT pays little attention to the rpults ot zoological re- 
searS it displays a rich ^diversity pf previously 

nnt™ forms in 4 ts beautiful illustrations. The works of 
HerS carpenter are therefore of very high value as mvestiga- 
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Fdward Forbes ^ (1848) on British forms, and the worko 
of Hall and Billings on North American Cystoids. In 1887 
Waiaen editS a posthumous monograph on the Bohemian 

Cystoids b, Sn“o S.°SosLd in 
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investigations on the t King’s College 

fntondon. anfwher; the Geological Survey ^ 
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ledge of the specific forms, bijt could not add much to 
Roemeds fundamental observations and influences. The illus- 
trated catalogue of the British Museum contains an attractive ♦ 
account of tlxe present knowledge about Blastoids, written by 
Robert Etheridge and Herbert Carpenter. 

The Sea-stars (Ophiuridea and Asteridea) offer far less 
diversity ©f /orm than^the Pelmatozoa. If we except a few 
genera and species mentioned or figurec^by Goldfuss, Hage- 
now, Mantell, Dixon, and others, the first scientific monographs 
on fossil Asteridea were those Contributed by Edward Forbes 
on material defived from Cretaceous and Tertiary formations 
of Great Britain. Wright afterwards described all the Meso- 
zoic Asteridea, and Salter the Palaeozoic forms of Great Britain. 
Muller (1855) and Roemer laid the foundation of the know- 
ledge of Asteroid types in the Devonian formation of the 
Rhine Provinces; the Jurassic Ophiuroids and Asteroids of 
Germany have been investigated by Pohlig, Fraas, and Georg 
G. Bohm. J. Hall made known the representatives of this group 
in the PalgeozoiQ formations of North America. The paleonto- 
logical literature in all cases closely harmonises with the zoo- 
logical, and it would seem that the Paleozoic ‘‘sea-stars” 
differed very little from those in the seas of the present age. 

Fossil Echinids were already known in the beginning of the 
eighteenth century, and received full attention in the oldest 
systematic works by Breyn (1732) and Klein (1734). A 
number of new species are described in the chief work of 
Goldfuss, in Desmoulin’s Sitidies (1834-37), and in Sismonda^s 
monographs on the fossil Echinidea of Piedmont and Nizza. 
But the strictly scientific literature began with the researches 
of L. Agassiz (1838-41) on living and fossil sea-urchins, along 
with which appeared the monograph by Agassiz and Desor^ on 
the fossil Echinidea of Switzerland. Valentin's well-known 
observations on the anatomy and histology of the genus 
Echinus was contemporaneous with the important works of 
Agassiz and Desor. 

^ Eduard Desor, born iSu in Friediichsdorf, near Frankfort-on- Maine, 
for a long time collaborated with Agassiz in palceontological and glacial 
studies, and followed Agassiz to America, but in consequence of some dis- 
agreement between the friends, Desor returned to Neuchatel anck became 
the Professor of Geology m the Neuchatel Academy. Inheriting consider- 
able means from a brother, he retired to Combe Varin, in Val Travers, 
and devoted himself to geological and pre- historic studies; died on 23rd 
February 1882, in Nizza. ** 
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A short treatise on the classification of the Echinidea, written 
by Albert Gras in 1848, was in so far importarfc as it formed 
the basis of the Synopis of fossil Echinids drawn up by Desor, 
which has been a standard authority for ixiany decades. 
In 1848 also, the first researches or Cotteau and Forbes 
on fossil Echinids were published, and these were rapidly 
succee< 5 ed by D’Orbigny’s account of fne irregulsy Echinids of 
the French Cretaceous formation and Wright^s beautifully illus- 
trated monographs of the Jurassic and Cretaceous Echinidea 
in Britain. After the deaths of Forbes, D^Orbigny, and 
Wright, Cotteau^ was for a whole decade Almost the only 
contributor to this field of research. In his Falcontologie 
Franfaise, and in numerous other works and special memoirs, 
Cotteau advanced the knowledge of the fossil Echinidea in a 
degree unrivalled by any other observer before or since. All 
his writings are distinguished by extreme accuracy and acute- 
ness of observation. As regards the systematic questions, 
Cotteau adopts in great measure the classificatory groundwork 
supplied by Desor and Wright A large number of palseonto- 
logists have taken up the study of Echinidea in recent years, 
and the majority follow the lines of DesoFs Sy^iopsis and 
Cotteau’s results. 

The observations on remains of fossil Holothuridea are 
comparatively few. They are confined to the description of 
isolated parts of the dermal skeleton, such as the wheel-like 
spiculce of certain species of Chirodota described by Moore 
from the British Jurassic deposits, and several fragments of a 
similar character, which have been described by Von Siebold, 
Schwager, Etheridge, and others, occurring in strata of various 
geological ages. 

Worms . — The soft perishable character of the bodies of worms 
renders them unsuitable for the slow processes of petrefaction, 
and we find in consequence that palaeontological literature 
contains few references to* these organisms, and can bring 

^ Gustave Cotteau, born 17th December 1818 in Auxerre, studied law at 
AuKcrre and Paris, and began his caieer in 1846 as judge in his native 
town, in 1857 was transferred to Bar-sur-Aube, in 1S58 to Coulommiers, 
and in 1^62 returned to Auxerre as a Member of the Tribunal. Cotteau 
was legaided as the fast authority in the domain of fossil Echinidea; the 
French Institute in 1887 elected him a Corresponding Member, the Geo- 
logical Society of France twice elected him President. He died on the 
loth August 1894, at Auxerre. ^ 
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forward little of any scientific yalue in elucidation of the 
phylogeny of ‘this diversified group of forms. Fossil Annelid 
types have been frequently identified and described, and there 
are impressioi^s or cavi|ies of problematical origin which occur 
widely distributed in certain Palaeozoic deposits, chiefly in 
Cambrian strata and in the Flysch (Cretaceous-Oligocene) 
deposits of the Alps, which have been explained by many 
authors as the paths of worms. Nath#ist, however, is of 
opinion that these cannot be identified with any certainty, 
but may with equal right be regarded as traces of Crustacea, 
Mollusca, Annelids, or other organisms. More reliable evi- 
dences of fossil Annelids are supplied by the occurrence of 
fossil Eunicites in the Tertiary deposits at Monte Bolca and 
in the lithographic shales of Solenhofen. These fossil Nereids 
are fully described in the works of Massalonga and Ehlers. 
G. J. Hinde has described numerous jaw parts of Annelids 
from Palaeozoic formations ; Hinde points out that, as Zittel 
and Rohon had shown, these Annelid remains are partly 
identical with the Conodonts which were regarded by Charles 
Pander as fish-teeth. 

Molluscoidea , — In 1830 Vaughan Thomson discerned the 
colonial habit of certain small marine organisms which by 
repeated budding gave origin to the growths popularly termed 
Sea-mats or Sea-moss. Thomson proposed the name of 
Polyzoa for the group and compared it with acephalous Mol- 
lusca. Ehrenberg in 1834 substituted the name of Bryozoa 
for the same group. Much later, in 1850, Milne-Edwards 
united the Bryozoa, Brachiopoda, and Tunicata as one group 
under the name of Molluscoidea, and assigned to it a rank 
equal with that of the group of Mollusca. Since then the 
Tunicates have been recognise as an aberrant branch of 
Vertebrates, but further researches have only corroborated 
the probable consanguinity of Bryozoa and the Brachiopoda, 
while also removing these allies from their supposed connec- 
tion with the group Mollusca, Fossil Bryozoa were described 
by Lamouroux, Goldfuss, Lonsdale, and Michelin. In 1850 
D’Orbigny, in reviewing the group, tried to separate the fossil 
and living forms and to make a systematic sub-divisionr> accord- 
ingly into two orders (Bryozoaires cellulines et centrifugines). 
D’Orbigny^s classification is quite artificial ; features of sub- 
ordinate significance £re applied as the basis of genera and 
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families and a number of t^geless names are invented. The 

fifth volume of D’Orbigny's PaVeontologie Fraji^aise (1850-51) 
» enumerates from Cretaceous deposits no less than^ 1,929 species 
and 2x9 genera, and gives a description and illustration for 
each species. The publications of MacCoy and J. Hall 
(i85i- 5;,2) on Palaeozoic Bryozoa, th(^, excellent memoirs of 
Hagenow (1851) on the Bryozoa of the Maestricht Chalk, 
and those of Haini>^ (1354) on Jurassic Bryozoa, were but 
little influenced by D’Orbigny’s classification. 

Busk passed from a careful anatomical study of living 
Bryozoa to the study of fossil forms, ahd began the 
publication of a monograph describing the Bryozoa or 
Polyzoa in the English crag. In this monogiaph, which was 
unfortunately never completed, Busk sub-divided the forms 
possessing calcareous cells into two orders (CheilcJStomata 
and Cyclostomata), these two orders almost coinciding with 
the two chief orders in D’Orbigny’s system. But Busk pro- 
posed considerable modifications for the minor sub-divisions. 
For the differentiation of families and genera .he used in the 
first instance the form and arrangement of the “aggregate” or 
colony, in the next instance the characteristic features of the 
individual zooecium or cell. 

Great progress has been made by zoologists in the knowledge 
of the internal structure of the polypides, and of the diverse 
forms of colonial growth. Van Beneden, Smitt, Nitsche, 
and Hincks have taken a pre-eminent part in the zoological 
researches, and the whole group has been admirably reviewed 
by Ray Lankester in the Encyciopcedia Britannica. Stoliezka 
and Reuss have contributed largely to the knowledge of Tertiary 
and Mesozoic Bryozoa, while Lonsdale, MacCoy, J. Hall, and 
E. D. Ulrich have added much valuable information about 
Palaeozoic types. 

The Palaeozoic Chaetetidae and Monticuliporidae have been 
made the subject of a voluminous literature; some of the 
most eminent writers, Milne-Edwards, Haime, Nicholson, 
and Dybowski, consign these groups to the Corals, whereas 
Lindstrom, Rominger, and Ulrich place them with the Bryozoas. 

In contrast to most classes of the animal kingdom, fossil 
remains*‘of Brachiopods were known earlier than the recent 
forms. Since the beginning of the seventeenth century, 
Terebratulites or “Conchae anomiae” have played a part 
in the illustrated works on Naturaf History. A living 
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Terebratulina was, however, first made known by Grlindler in 
1774. Cuvier in 1805, and Diimeril in 1809, proposed the 
name ‘^Brachiopoda’^ for the class. J-amarck distinguished* 
(18 iS) only three Brachiopod genera (Orbiculn, Terebratula, 
and Lingula), and eiioneously transferred Discina, Calceola, 
and Crania to* the Lamellibrancli family of the Hippurites or 
Rudistes. ^glainville, fn the Mamici de Malacolo^^ie* 
substituted for the Cuvierian name that;^of Palliobranchiata, 
and united under this name not only the then known 
Brachiopods, but also the Rudistes and some fossil Lamelli- 
branchs, e.g. PIkgiostoma and Podopsis. 

In 1834 Leopold von Buch published a memoir On Tere- 
bratuiaSi which had a powerful influence. He drew attention 
to many peculiarities of these shells which had previously been 
little ncpticed, and he designed a system of classification based 
mainly upon the characteristics of the hinge region. This 
memoir was followed during the next decade by a number 
of contributions, pre-eminently stratigraphical in tendency, by 
J. Phillips, Verneuil, D’Orbigny, Barrande, and others. The 
anatomy of the Brachiopods was made the subject of investi- 
gations by Cuvier, Owen (1835), King, Hancock (1858); the 
finer structure and the internal architecture of the shells 
was examined by Carpenter (1844), King (1846), and 
Gratiolet. 

King in 1846 drew up a new scheme of classification, using 
as the chief features of distinction the character of the brachial 
or labial appendages, the muscular impressions on the inner 
surfaces of the valves, the septum, and other internal structures. 
In the monograph of the Permian fossils (1849-50) King com- 
pleted his system and sub-divided the Brachiopods into three 
orders, sixteen families, and forty-nine genera. Thomas 
Davidson^ simplified and imprwed King’s classification, but 
adhered to most of the fundamental principles enunciated 
by his predecessors. The first volume (1851) of Davidson’s 

^ Thomas Davidson, bom 1817 at Moir House in Midlothian, Scotland, 
passed his youth for the most part on the Continent, and divided his interest 
between art and science. He worked in Paris in the, atelier of Horace 
Vernet and Delaroche, and attended the lectures of Elie de Beaumont, 
Milne-Edwards, and other professors. In Edinburgh he studied natural 
sciences, and when in Rome on one occasion it was suggested to him by 
Leopold von Buch to make a special study of fossil Brachiopods, and that 
became his great life’s work. He took up his residence in Brighton, and 
died there on the 14th OctGt>er 1885. 
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series of monographs on ^the British Fossil Brachiopods 
begins with a masterly exposition of the organisrition of living 
Brachiopods. For this introductory chapter Owen had 
undertaken the anatomy of living h^rachiopoii types, and 
Carpenter the detailed structure of the shell. 

The whole series of the British Fossil Brachiopods was com- 
pleted in 1870, the finished work being^presented in the form of 
three handsome volumes published by the Pakeontographical 
Society; the illustrations were drawn by the author himself. 
Three supplementary volumes^vere added between 1873 ^f^d 
1885, and finally Davidson contributed a revii-w of the living 
Brachiopods and an exhaustive bibliography of the whole group. 
Davidson’s work brought the knowledge of fossil Brachiopods 
to a higher standpoint of excellence than had been reached by 
the paleontological knowledge of any other group of 4 nverte- 
brates. His classificatory system has continued as the standard 
of all subsequent research. 

At the present day the number of palaeontologists and strati- 
graphers who interest themselves in fossil Brachiopods is so 
large that it is quite impossible to attempt to mention here 
the more recent widely-scattered literature. It will suffice to 
indicate the leading tendency in the newer works. Whereas 
Davidson in his systematic treatment allowed for a considerable 
extent of variability in his definitions of genera and species, the 
new direction of research guided by Hall, Clarke, Beecher in 
North America, and by Waagen and Bittner in Europe, 
tries to restrict generic and specific definitions within the 
narrowest possible limits, in order to enhance the value of 
fossil Brachiopods for the characterisation of stratigraphical 
horizons. A systematic review of all known Brachiopods forms 
an introductory chapter in the comprehensive monograph of 
Palaeozoic types which has' been published by Hall and 
Clarke. The number of genera has been greatly increased, 
and in many cases species have been elevated to the rank of 
genera. A new classification was proposed in 1889 by Beecher, 
in which it has been the author’s aim to bring the ontogenetic 
and phylogenetic development of the group into more apparent 
correspondence, and to apply the differences in the beak region 
more often for systematic distinctions. 

Mollusca, — Palaeontology has taken no small share in 
building up a knowledge of concholc^y. The study of the 
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soft parts of living molluscs, as well as the foundation of a 
natural systefn of classification, l?as been reserved for zoology. 
Palaeontology has in all cases followed the results obtained by* 
the sister science, since the group offers considerable facilities 
for anatomical studied, and there was much more hope to 
arrive by such means at a true comprehension of this complex 
and diversiform group^ Lamarck, in his Naiural ifisiory of 
Imettebraies (1816-23), created the n^dern basis of Con- 
chology, and his proposed system of the Mollusca was supple- 
mented and partially improved by Paul Deshayes in a new 
edition of Lail^arck’s work, and in an independent text-book 
(1839-59), which was unfortunately left incomplete. The 
chief works of the latter half of the nineteenth century which 
supply a general account of living and fossil molluscs are 
those (d S. P. Woodward (1851-54), R. A. Philippi (1853), 
J. C Chenu (1859), Keferstem (1862-66), P. Fischer 
( 1 889), and E. Ray Lankester {Encyclopaedia Britannica), 

The palaeontological literature on fossil mollusca is exceed- 
ingly voluminous. Several palaeontological monographs are 
devoted to the detailed description of molluscan faunas 
characteristic of definite formations, but still more fre- 
quently the molluscan forms are treated together with other 
groups of the animal and plant kingdom in works of a 
pronounced stratigiaphical tendency. Thus it is extiemely 
difficult to extract from the scatteied memoirs in Journals 
and Transactions an accurate historical representation of the 
advance of palaeontological research. The authors who have 
contributed most to our knowledge of Palaeozoic Mollusca 
are Phillips, MacCoy, Salter, Mall, Billings, Whitfield, Seebach, 
Barrande, Freeh, Waagen, King; Triassic Mollusca have been 
made the subject of careful researches by Laube, Bittner, 
Von Wohrmann; Jurassic Mollusca have been described by 
Klipstein, Loriol, Seebach, Zittel, Bohm, and others; Cre- 
taceous Mollusca by D’Orbigny, Reuss, Pictet, Renevier, 
Stoliezka, Muller, White; Tertiary Mollusca by Philippi, 
Deshayes, Beyricb, Koenen, Wood, Hoernes, Sacco, Morton, 
White. 

The systematic questions have been discussed in detail in 
the works of Deshayes, D’Orbigny, Pictet, and Stoliezka. A 
special monograph of I'ej'res trial and Ffesh-zvater Conchylia^ by 
Sandberger, affords an interesting survey of the phylogenetic 
history of these forms in the course of the geological periods. 

?6 
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Individual classes, orders, or families have sometimes been 
Hiade the subject of special stud3\ A notable mronograph is 
that by Coquand on the Ostreacese of the Cretaceous forma- 
tion (1869), and several monographs ^have bedli devoted to 
the consideration of the Cretaceous family of the Rudistes. 
Neumajr in 1891 proposed a classification of the Lamelli- 
branchia based upon the chaiacters of^the hinge, ^and Jackson 
and Bernard endeavoured to make the developmental history 
of shells and hinge useful for s^^stematic distinctions. 

The literature on fossil CepKalopods is almost too extensive 
to be reviewed. As far back as 179S, Cuviei^had united all 
the Cuttle-fishes, together with Nautilus and the Foraminifera 
in one group, which he named Cephalopoda^ and ranked as a 
distinct class clearly differentiated from all other molluscs. 

The anatomy and moiphology of cuttle-fishes was carefully 
studied by Cuvier and Della Chiajc, and the brilliant ana- 
tomical researches of 0\ven (1S32) on the Pearly Nautilus 
afterwards gave a clear insight into the relationships of the 
Cephalopoda. Owen sub-divided the Cephalopoda into two 
orders, the Tetrahrancluaia with two paiis of ctenidial gills, 
and the Dihrancliiata with a single pair of ctenidial gills. To 
the Tetrabranchs, Owen assigned, in addition to Nautilus and 
the fossil Nautilites, the large assemblage of the Ammonites. 
I.amarck in 1801 had differentiated the genera Nautilus, 
Orbulites, Ammonites, Planulites, and Baculites, and had 
pointed out the difference between the sutural lines of the 
chamber divisions in Nautilus and Ammonites. Denys de 
Montfort (1808), Sowerby, and Parkinson added a few more 
Cephalopod genera, and De Haan in 1825 classified the 
known genera under three families (Aramonitea, Goniatites, 
and Nautilea). 

Marked advance was effected by the investigations of 
Leopold von Buch (1829 and 1839). According to the 
position of the siphuncle, Buch distinguished two chief groups, 
NautilidDS and Ammonitidse, and sub-divided the latter accord- 
ing to the form of the sutural line into the three sections, 
Goniatites, Ceratites, and Ammonites. Buch introduced a 
precise tetminology for the various parts of the sutural 
lobes; he distinguished fourteen families, partly in accordance 
with the shape and decoration of the shell, partly in accord- 
ance with the sutural lines. The spirally-rolled forms were 
contrasted by Buch with the straight Baculites and the 
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hook-sbaped‘Iiainites, and the ^rious groups were recognised 
in the classification by the use 01 descriptive adjectives. Buch 
also gave a‘ clear exposition of the piogressive complicatioit 
m the sutifral lines ^which^ could be observed in following 
the phyiogcny of the Ammonitidte from the Palasozoic epochs 
through the Mesozoic, and showed how a surmise ipight be 
made respecting the ‘\ge of an Ammonitid genus from the 
relative degree of complexity in the sutui»al limits. 

Buch’s three sections, Goniatites, Ceratites, and Ammonites, 
were defined by subsequent writers more in harmony with 
zoological deffhitions' of the group, but the discovery of the 
rich Triassic fauna of St. Cassian showed that the distinctions 
between these sections were by no means so sharp as had 
been supposed. Buch’s work undoubtedly gave a new impulse 
to the «tudy of fossil Cephalopods. The middle decades of 
the nineteenth century saw the publication of a large number 
of memoirs, elucidating the genetic relationships of the Palaeo- 
zoic and Mesozoic genera. The erection of new genera and 
species went on rapidly, and the necessity began to make itself 
felt for a further sub-division of the typical genus Ammonites. 
Barrande, Hall, and other authors had already divided the 
original Nautilites into a number of genera. 

The decisive step of sub-dividing the Ammonites was 
ventured by Suess in 1865, In a short memoir on the 
organisation of the Ammonites, Suess converted the adjectival 
nomenclature of the individual groups of species into names 
of genera (Phylloceras, Lytoceras, Arcestes), and pointed out 
that in addition to the sutural line, external form and orna- 
mentation of the shell, there were other features of systematic 
value, such as the margin of the mouth and the length of the 
chambers. A similar reform was advocated by Alpheus Hyatt 
in his memoir on the Liassic Anmonites (1869), The pre- 
vious nomenclature of families was discarded by Hyatt, and 
numerous new genera were erected, whose limits were much 
more narrowly defined than had been customary. As one 
might have expected, the new tendency met at first with strong 
opposition, but it was supported and followed by Laube, 
Zittel, Mojsisovics, Waagen, and Neumayr 

Waagen in 1871 combined the Ammonitid genera 'in eight 
groups, attributing great importance to the presence or absence 
of the shell plates termed “Aptychus” and Anaptychus,” 
and to the particular structure of these remains. Neumayr in 
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1875 attempted to sub-divide Ammonites into a number of 
families and genera, but his attempt only served to show how 
t‘xtremely difficult it -was to give a precise definition and limit 
to the individual groups of forms. All^ groups deemed con- 
nected with one another by intermediate types. 

Neun”yiyr therefore fell back on the genealogical principle 
as the guiding feature in his classificatiSn, and combined into 
narrower or wider grewps all those forms which in his opinion 
were either nearly related or directly connected in the line of 
descent. 

Previously to Neumayr, Waagen (1869) htid traced the 
genealogical tree of the species Ammonites s'uhradiaius through 
several stratigraphical horizons, and had proposed the term 

mutation ” to signify the insignificant variations or modifica- 
tions apparent in the members more remote from one another 
in time. The stronger emphasis placed on the phylogenetic 
relationships introduced a more speculative and subjective 
character into the study of Ammonites, but it also gave an 
incentive to a more detailed investigation of the shell develop- 
ment and to a comparison of the ontogeny and phylogeny of 
these organisms. 

Hyatt had endeavoured in the year 1872 to find out the 
approximate ‘‘embryology” of the Ammonites by an ex- 
amination of the primary chambers and the innermost coils 
of the shells, and had by this means been able to verify the 
essential difference between the embryonic development of 
Nautilidae and Ammonitidae which had been stated by Bar- 
rande and Saemann. In 1880, Wiirtenberger emphasised 
the agreement in the evidences of ontogeny and phylogeny 
regarding the shell development in the group of Ammonites. 
Meunier-Chalmas observed (1873) ^ striking resemblance of 
the embryonic chambers of 'certain Ammonites with Spirula, 
and argued that a near relationship existed between the Am- 
monites and the Dibranchs. Upon other grounds, Gray, 
Suess, and to a certain degree also Quenstedt, formed a similar 
inference; and Steinmann in 1890 expressed his opinion 
that the genus Argonauta was a lineal descendant of the 
Ammonites. The development of the chambered shells of the 
Ccphalopods was made the subject of a masterly and compre- 
hensive series of researches by Branco (1881), and led this 
observer to apply the character of the -embryonic chambers 
as a basis for the chief sub-divisions ofthe Ammonitidse. 
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After Sucss and Hyatt had opened the gates for the 
creation of ciew generic names*the palaeontological literature 
of the Cephalopods was inundated by innumerable new genera, 
and specie®, most of them only narrowly defined. The 
number of species •increased in a short time to several 
thousands. At the same time, new genealogical tables were 
constantly being constructed, and were as often a littfe altered 
and a little*improved. The leaders in this extreme movement 
of breaking up the genera and species are Hyatt, Mojsisovics, 
and Buckmann. 

The Aptyckus and Anaptychus remains were the cause of 
much controversy. Many authors, for example, Scheuchzer, 
Walch, D’Orbigny, and Pictet, had supposed these plates to 
be the shells of Cirripedes ; Parkinson and Schlotheim had 
explaiied them as Lamellibranchs, De Luc and Bourdet as 
the jaw-bones of some fish, while Hermann von Meyer had 
ingeniously explained them as parasites of the Ammonites. 
Ultimately it was universally accepted that they were es- 
sential parts of the Ammonites, and they were sometimes 
looked upon as the internal shells of Dibranchs or Am- 
monites, sometimes as cover-plates of Ammonites. The 
latter view, originally advanced by Ruppel, has been con- 
firmed by recently discovered specimens. 

Among the Dibranchs, the fossil Belemnites and the forms 
nearly related to them have received a fair amount of 
attention in paleontological literature. For many centuries 
Belemnites had been known and had passed under various 
designations, ‘Thunderbolts, “ deviFs-fingers,'^ “lynx-stones,^’ 
“Lyncurium,” etc.; Agiicola described them and gave 
illustrations, and from his time onwards they had a place 
among the known “ petrefactions,” although the older authors 
refen ed to them as “ Echinid”*needlcs, or other organism, or 
sometimes thought them merely mineral structures. Ehrhardt 
was the first to compare Belemnites with the shells of Nautilus 
and Spirula, and De Luc pointed out their resemblance to the 
enclosed shells of Sepias. The large work of Knorr and 
Walch contains a good account of Belemnites, and a memoir 
by Faure-Biguet (tSio) gives numerous illustrations of 
species. 

The influence of zoological advances was first clearly shown 
in the suggestive paper by J. S. Miller (1826) published by 
the London Geological Society. Soon after, two very good 
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the greatest interest for paleontologists. 1 \®p^' ^ lg[®(Lhuy(i) 

ss\o\rg«ei^'s-v'— 

Swedish palceontologist, J. W. Dalman, ^n ^ ‘ ’ authors 
American author, J. Green, in 1832 ; by the Gur^ an auttors 
Quenstedt (1837), H. F. Emmriclv Goldfuss (1843). 
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Burmeister (1843), Beyrich ; by the Englishmenj 

Portlock (1^43), Salter, Philli|^s, and MacCoy ; and the 
Frenchman, Marie Rouault (1847). Dalnian and Burmeister* 
proposed aa^recise nomenclature for the individual parts of 
the body, and the speSial terms were still further increased by 
Beyrich, Salter, and Barrande. For the purposes of systematic 
arrangement, Dalman and Goldfuss used especially the i:?resence 
or the absence of eyes, Quenstedt the number of the body 
segments, Burmeister ^ the capability *of rolling up, the 
characters of the pleura, and She general foim of the body. 
Emmrich prop<M;ed to use the external characters of the eyes as 
a systematic feature, and pointed out the systematic importance 
of the facial suture” in the head shield of the Trilobites. 

The publication of Joachim Barrande’s admirable monograph 
of the ^Bohemian Trilobites (1852, and Supplement 1S74) 
marked a great advance in the knowledge of Trilobites. All 
that had been previously known about these fossil Crustacea is 
carefully considered in this work, and new observations of high 
value are added. In so far as Barrande elucidated the con- 
stitution of the eyes, the structure of the carapace, the 
phylogeny of a number of genera, his results have been fully 
accepted by later authors, but the application which he made 
of the characters of the pleura in his systematic scheme has 
not been adopted. 

There could be little unanimity of opinion regarding the 
relations of the Trilobites to the living Crustacea, so long as 
nothing certain was known about the character of the append- 
ages in the extinct group. Zoologists were always inclined 
to emphasise the resemblance of Trilobites wdth living Isopods, 
but Burmeister pointed out the essential difference between 
the two orders; after a series of comparative researches he 
concluded that the “feet” of t^ie Trilobites had been of a 
soft character, much as is now presented in the Phyllopods, 
and that in many respects the Trilobites showed close affinity 
with the Xiphosura. Gerstaecker assigned (1879) the Trilo- 
bites to the Entomostraca (Gnathopoda*) as an independent 

^ Hermann Carl Biumeister, born 1807 at Stralsund, studied Medicine 
and Natural Science in Gieisswald and Halle, began his career as a 
gymnasium teacher and University tutor in Berlin ; in 1837 became 
extra-Ordinary Piofessor of Zoology in Halle, in 1842 full Profesor ; in 
1850 and 1856 tiavelled to Brazil, the Argentine and Chih, and in 1861 
was called to Buenos Ayies to be Director of the Natuial History Museum, 
which he had been instrLuii€intal in establishing; died there 1892. 
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order ; Beneden, Dohrn, Haeckd, Walcott, and others gave 
still more weight to the Ifomologies with th# Xiphosura, 
and associated the Trilobites with this order in the classihca- 
tion. Billings’ discovery in 1870 of ambiilatoiT appendages 
in a specimen of Asaphus from the Ttenton limestone was 
followed by further discoveries of Trilobite walldng-appendages 
by Wafcott (1879). Afterwards antGjnni'e were found, and 
well-preserved specimens formed a basis of mbre detailed 
descriptions of the jaw and ambulatoiy appendages by 
Matthew (1893), Beecher (1894), and Walcott (1894) Thus, 
within recent years, Burmeister’s conception 0^ the classifica' 
tory position of the Trilobites has been in many respects 
verified, although many palccontologists still regard them as 
prototypes of the Isopoda. 

Excellent reports and monographs on the genealogico-mor- 
phological relations of the Trilobites have been contributed 
from time to time by Dr. Henry W'oodward, whose monograph 
on the British Trilobites, prepared in collaboration with Salter, 
is a standard work on this group. 

Charles Darwin established the knowledge' of fossil Cirri- 
pedia (1851-54) upon a scientific basis, and subsequent 
publications by Bosquet, Reuss, Seguenza, and other palaeon- 
tologists follow the views advanced by Darwin. 

Many memoirs have been devoted to fossil Ostracods, but 
their interest is almost exclusively stratigraphical. 

Under the name of Merostomata, the Xiphosura and the 
extinct ancestral order of the Eurypterida are usually com- 
bined. Dr Woodward has made signal advances in the 
knowledge of this group of Crustacea by his admirable 
monographs which appeared in the volumes of the Palseon- 
tographical Society between 1866 and 1878 The first ac- 
counts of the Paljeozoic Eui^^pterids were communicated by 
Dekay, Harlan (1825), and Scouler (1831). The systematic 
relationship of the fossil Eurypterids with the living Limulus 
(King-Crab) was recognised by F. Roemer (1848) and 
MacCoy (1849), and the memorable anatomical researches 
of Thomas Huxley afterwards threw new light on the evolu- 
tion of the IVIerostomata. Although of less commanding 
interestj^ ample justice has been done in palccontological 
literature to the fossil Phyllocarida, or the ancestral forms of 
the Eranchiopoda, and also to fossil Isopoda, Amphipoda, 
Stomapoda, and Decapoda. 
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remarkable and ° ^ f The numerous fossil insects 
foTn^hrtheShirSrshales of Solenhofen were descr.bcd 
Iv Count Oppenheim, and Meun.er Ihe 

British insects of the Mesozoic deposits wore examined by 
Lodie and Westwood, and several authors have 
accounts of the fossil insects in the Tertiary deposits of diffeient 

countries. 

Undoubtedly pateontology has achieved its 
greatest successes in the domian of vertebrate animals. In 
fhe very beginning of the nineteenth Cuv^r had 

estabhs^d such an admirable groundwork of research that 
it was made almost impossible for any one who lacked a 
thorough scientific training to attempt to continue a woik 
so gloriously begun. Thus the number of authors who have 
occE^tlLmselves with fossil Vertebrates is at once un- 

usuaFly small and exceedingly select, with the result that the 

average quality of the works m this department of paleon- 
tology is^of a^ very high order.- A general account of fossil 
Vertebrates will be fo»nd in Owen’s Palxoniology (i860), in 
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P. Gervais's Zoologie ei Falcon foiogie Franfaise (184S to 1852), 
in Albert Gaudry's EnchainS^ncnts du monde animal dans ks 
Jemps gcologtqms (1878-96), in ZittcFs Handbuch der Fald- 
ontologie (vols. iii. and iv., 1887-93), in Lrclekker and 
Nicholson’s Manual of Pahmitology (vol. ii., 1889), and in 
Smith- Woodward’s Outlines of Ver/ebrate Fakednlology (1898). 

A hiS^hly instructive line of origina#* research was carried 
out by Owen in his comparative study of the te%th of fossil 
Vertebrates, and iniportant advances were made by the 
publication of his Odontography ( 1840-45). This work pro- 
vides a fundamental exposition of the teeth m the different 
classes, orders, and families of the Vertebrates. A similar 
work by C. G. Giebel (1855) is far from equalling its English 
model either in respect of its illustrations or its original 
observations. r 

The scientific knowledge of Fishes may be said to have 
begun with the pioneer researches of Ray and Willoughby in 
the seventeenth century. These zoologists, who were the first 
observers to distinguish definite ‘‘species” in the organic 
world, laid the foundation of empirical details regarding fishes 
in their famous Historia pisciiun (x686). Artedi (1705-34), a 
contemporary and fellow-student of Linnaeus, made an excel- 
lent classification of the genera known in his time. Towards 
the close of the eighteenth century, Dr. Bloch’s system of 
classification was in great favour, although his work on fishes 
was far less notable than that of his French contemporary, 
Lacdphde. But a complete reform was necessitated by 
Cuvier’s searching anatomical investigations, and the system 
of Cuvier and Valenciennes superseded all previous systems. 
In common with the earlier system, the Cuvierian classification 
was founded exclusively upon living forms. What was known 
of fossil fishes was inserted 4}ong with the living genera, in 
whatever position seemed most expedient to the particular 
author from his examination of external features. 

The famous investigations of L. Agassiz (1833-43) supplied 
palaeontology with a much broader basis of detailed research. 
Accompanied by capable draughtsmen, Agassiz visited all the 
larger museums and private collections in Europe, examined 
the fossjil fishes preserved in them, and published, in five 
volumes, a magnificently illustrated monograph as the fruits of 
his ten years’ labour. Starting from the standpoint of his 
anatomical studies, in which he was fortunate in having the 
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assistance of C Vogt, Agassiz was enabled to elucidate man3 
obscure poin-^s in fossil fishes. Agassiz also introducec 
emendations in the classification of recent fishes, and addec 
many new da% regarding the evolution and the range in tini€ 
of the various familibs. His sub-division of fishes intc 
Placoidei, Gancfidei, Cycloidei, and Ctenoidei, according tc 
the, scaly skeleton, was certainly one-sided and artificial, and 
had to be discarded. At the same tim^ Agassiz conferred 
a great boon when he brought the Ganoidei into the strong 
relief of a sub-division, and insisted upon their importance 
both as essentiaWinks in the phylogenetic history of fishes and 
as a group comprising many specific types of high value for 
the characterisation of geological horizons. Agassiz was the 
first scientist who, in discussing the genealogy of fishes, 
pointed .put the correspondence between the characters of 
.different forms succeeding one another in time, and the 
characters of successive phases passed through by an organism 
during embryonic development The observation was one of 
those far-reaching truths which are now and then wrested from 
nature; Haeckel worked out the same idea and elevated it 
to its merited rank as a fundamental bio-genetic principle. 
Hence, although the actual classificatory system proposed by 
Agassiz for the fishes could not supersede the Cuvierian 
system, and was soon appreciably changed for the better by 
Johann Muller’s valuable works (1844}, the name of Agassiz 
will always be among the most honoured in ichthyological 
literature. A later monograph on the remarkable fishes of the 
Old Red Sandstone was in many respects supplementary to 
the earlier work of the Neuchatel savant 

A large number of special memoirs followed the works of 
Agassiz and Muller, and gave a greater insight into the remark- 
able varieties and wide distribution of the remains of fossil 
fishes. Those of Grey Egerton, Count Munster, Andreas 
Wagner (the Director of the Museum of Natural History in 
Munich), Costa, Thiollihre, Pictet, Von der Marck, Kner, 
Zigno, Steindachner, H. von Meyer, Traschel, are all works of 
high palaeontological merit. Pander’s monographs on the 
fossil fishes of the Silurian and Devonian deposits in 
Russia (1856 and 1858) are distinguished by exceptional 
discernment, and by the wonderfully successful drawings 
of the microscopic structure of teeth and scales. It proved 
a difficult matter to determine the essential characters of 
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the Ganoids. The bony, angular scales which Agassiz 
had regarded as the chiefs systematic^ features- was not in 
'itself sufficiently distinctive, as living Tcleostci possess bony 
scales. Johann Miiller and C. Vogt strengthened^the systematic 
definition of the Ganoids by anatomical features; Muller 
showed that the Ganoids agreed with the Plfigiostomes, and 
differed from the Teleosteans in the structure of their heart. 
This step in the rigl^t direction was not, however, immed.ately 
followed by palxontologists, who on the contrary persist- 
ently continued to place the Ganoidei in close affinity with the 

Xclcostci. ^ 

A preliminary paper on “Devonian Fishes” was published 
by Huxley in i86i, and was followed five years later by 
his memorable work on the Strucliirc of Crossoptcrygian 
Ganoids, wherein he showed the lelationship of these/orras to 
the Dipnoi. Huxley regarded the genus Lepidosiren as a ■ 
living representative of the ancient Ganoids^, and in it>7o the 
living genus Ceratodus was discovered, and its caieful anatomy 
and description (rSyi) by Gunther showed that the new 
ffenus was closely cillicd with I-^cpidositcn, and that both must 
be assigned to the Ganoidei. ^he moie accuiate knowledge 
thus secured reacted favourably on the advance of a sound 
systematic knowledge of the fishes. -j t ji 

The monograph by Traquair (1877) on The Ganoids of the 
Sritish CaiPoniferous Formations made known one of the 
richest and best preserved Ganoid faunas. The Selachian 
fishes were made the subject of a comprehensive series of 
researches by Hasse on the structure and the development of 
the vertebrae ; O. Jaekcl has contributed an excellent mono- 
graph of the Selachian remains from the Tertiary rocks of 
Monte Bolca; and O. Reis has written valuable memoirs on 
Coelacanthidse, Acanthodidse, and other fossil _ groups. An 
admirable catalogue of the fossil fishes in the British Museum 
is in course of preparation by Smith-Woodward, one of the 
first authorities on fossil fishes. The volumes already pub- 
lished (1889-95) present, so far as they go, an exhaustive and 
critical review of all fossil fishes. 


Anrphmans.—T\\a works of Alexandre Brongmart (1805) 
and Blainville emphasised the fundamental differences between 
Amphibians and Reptiles anatomically, and in respect of the 
history of their development; but it was Merrem who, in 1820, 
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gills, and cartilaginous occipital region ; and the Lahyrin- 
thodonii^ coinpiising the yotingcr Labyrinthodo?"its. Dawson 
added a third order, Microsauri^ whose remains occur in 
the Carboniferous rocks of Nova Scotia, ^Ohio, anrJ Illinois. A 
few complete skeletons of Pal£eozoic Aihphibians from Ireland 
were described by Huxley (i 86 0-67), in addition to different 
Labyrinthodonts from deposits in Australia, South Africa, 
and India. ^ 

In the year 1869, E. D. Cope united all known Palaeozoic 
and Mesozoic Amphibians mider the name of Skgocephali^ 
and added a fourth order, Xenorhachia, charifeterised by soft 
vertebrse. Miall, in 1873-74, made somewhat unsatisfactory 
attempts to remodel the classification of the xAmphibians. A 
rich discovery of Amphibian remains in Bohemian and 
Moravian Permo-Carboniferous deposits formed the subject of 
an admirable monograph by A. Fritsch, wherein many new 
genera are described in considerable anatomical detail A few 
years later, in the “ Red Underlyer ” horizon of the Permian 
deposits at Niederhasslich, near Dresden, Hermann Credner 
discovered a dolomitic bed with numerous Stegocephali in 
excellent state of preservation- The examination of these 
occupied many years; the results appeared between 1881 and 
1893 in the Zeiischrift of the German Geological Society, and 
considerably advanced the knowledge and the systematic treat- 
ment of the group. From time to time material is found in a 
good state of preservation, and the number of known species of 
Palseozoic Stegocephali found in Europe has steadily increased. 

In North America, also, new material is frequently found. 
Copers investigations of the remains of Stegocephali in the 
Permian deposits of Texas induced him to propose a classifi- 
cation based chiefly on the different characters of the vertebrse, 
and many of his suggestions ^ave been adopted in Zittel’s and 
CrednePs classifications. New discoveries of Stegocephali 
occur less frequently in the Mesozoic deposits. E. Fraas 
published (1889) a monograph of the Swabian Triassic Laby- 
rinthodonts, based on the excellent material in the museum at 
Stuttgart, and R. Lydekker described various remains from 
the Triassic deposits of India and South Africa. The fossil 
Urodeles in Cretaceous and Tertiary deposits have been made 
the subject of monographs by H. von Meyer, Goldfuss, Lartet, 
Dollo, and others; while Cope, H. von Meyer, Filhol, and 
Woltersdorff have studied fossil Anura.^ 
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J^e/ files , — As early as the year 1812, Cuvier had given a full 
exposition 0^ all reptiles knowif up to that date, and had 
elucidated in a niasteily manner the osteology of the Ichthyo-* 
sautians, Plqgiosaurians, Crocodiles, Mosasaurians, Lizards, 
Tortoises, and PterodSctyles. And as the systematic arrange- 
ment of living reptiles had alieady reached a standard of 
security, the fossil disco§’eries could the more easily be grouped 
according tc? their apparent affinities, In the year 1830, Von 
Meyer made the first attempt at a systematic classification 
of living and fossil reptiles. Meyer consigned all fossil reptiles, 
with the exception of tortoises and serpents, to the Saurians, 
and sub-divided the Saurians into Dactylopoda, Nexipoda, 
Pachypoda, Pterodactyl], and Labyrinthodonti. 

This classification was soon changed by Owen.^ This great 
anatomist opened his magnificent series of researches on fossil 
reptiles in the year 1839; his works on this subject extend 
over a period of fifty years, and have been a source of remark- 
able scientific progress. Owen erected a number of orders of 
fossil reptiles, and gave to them an equal value with the orders 
of living reptiles. His systematic sub-division, with a few 
changes afterwards introduced by Huxley, Cope, Marsh, and 
Baur, has retained its authoritative position to the present day. 
All fossil reptiles occurring in Great Britain were described by 
Owen in a long and profusely illustrated series of monographs 
published in the volumes of the Palaeontographical Society; he 
also examined and described the remarkable reptilian remains 
from the Karroo formation in South Africa. 

Meyer supplied an exhaustive account of all reptiles 
occurring in Germany. This indefatigable palaeontologist 
published four large monographs of the fossil Saurians between 
1847 and i860, and in addition contributed many other 
memoirs, illustrated by his own ^drawings, to the volumes of 

^ Sir Richard Owen, born on the 20th July 1804, in Lancaster, studied 
medicine, and especially surgery, in Edinburgh and London; became in 
1828 assistant at the College of Surgeons in London, and in 1834 Professor 
of Comparative Anatomy. The Geological Society in 1838 presented the 
Wollaston medal to the young scientist, and in 1857 he was chosen Presi- 
dent of the Bntish Association for the Advancement of Science. In the 
year 1856 he lesigned his Professorship at the College of Surgeons, and 
accepted the post of a Director of the Biitish Museum. In 18S1 the 
Natural History Collections were transfer! ed to the new buildings at South 
Kensington, and Sir Richard Owen was director of that depaitment. He 
died on the i8th December *892, 
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the Pateontographica. Along Cuvierian lines, Meyer and 
Owen extended in Europe dhe knowledge of fossil reptile^, 
r while the able American palaaontologists, J. Leidy, O. L. 
Marsh, and E. D. Cope, were at work on the reptilian remains 
of North America. 

The osteology of the Jurassic Ichthyosautians was early 
elucidated by Conybeare, Hawkins, Prtckland, Owen, Jaeger, 
Bronn, and others ; valuable work on this poup of baurian 
has been more recently contributed by Seeley, G. Baui, and 
E Fraas. The Plesiosauridm? Nothosauridoe, and Rhyncho- 
cephali have also been carefully investigated by<pal£eontologists. 

1 dassical treatise by Huxley (1875) s.pal y_ advanced Ac 
knowledge of the genetic relations of the fossil and living 
crocodiles. The Triassic Parasuchia were made known by 
Meyer, Huxley, and Cope, the Pseudosuchia by Q, i^aas, 
and more recently by the careful and accurate studies of E. 1 . 
Newton (1894). Jurassic and Cretaceous crocodiles have 
been treated by Koken and Dollo, and the lertiary forms by 
Vaillant, Lydekker, and Toula, in addition to Moyer, Owen, and 
Other earlier authors. 

Palaeontological literature is more limitea regarding fossil 
lizards and serpents. The Mosasaurid® or Pythononiorphs, 
whose affinities with the lizards were recognised by Cuvier 
were afterwards elevated to the rank of a separate order by 
Cope, and have formed the subject of several important 
memoirs by Marsh, Cope, Owen, Dollo, Mernam, Will.ston, 
and Gaudry. Remains of the winged Samians had been 
known in the eighteenth century, but it was Cuvier who first 
recognised that their systematic position was among the 
Reptilia The exquisitely preserved skeletons from the litho- 
graphic shales of the Franconian and Swabian Jura aroused 
great interest, and were the subject of many excellent memoirs 
by Count Miinster, Goldfuss, Meyer, Wagner, Marsh 

Zittel, Ammon, and others. Liassic Pteri^actyles w 
described by Buckland, Theodori, Owen, and Plieninger, and 
Jurassic and Cretaceous forms were careful y exainined by 
several of the leading authorities among British and American 

^^ThTSaMic, extinct Dinosaurs were discovered relatively 
late. Buckland, in 1824, made known the first remains of 
this order under the generic title of Megalosaurus. In the 
following year, Mantell discovered the* remains of Iguanodon 
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and HyliEOsaurus in the fluviatile Weald clays of Sussex, and 
Owen, in proposed to conq|)rise the genera then known 
as a distiiicl order under the name of Dinosauri. Furthej 
discoveries cpntinued to increase the number of known genera, 
and in 1866 ^Cope divided the Dinosauri into three sub- 
orders (Ortho^da, Goniopoda, and Symphypoda). In a series 
of very important men^oirs devoted to the osteology, dassifica- 
tion, and genealogy of the Dinosaurs (1868 and 1869), Huxley 
pointed out the essential affinities of Ihe^Dinosaurs with birds, 
and even designated the gen^s Compsognathus as a uniting 
link between tjjjis extinct group of reptiles and the younger and 
more specialised group of birds. 

Ten years later, Marsh began to publish the results of his 
examination of Dinosaur specimens which had been discovered 
in extraordinary number, and often in a perfect state of 
preservation, in the western states of North America. Marsh 
conducted his researches for twenty years, and inaugurated a 
sweeping reform of the classificatory system of Dinosaurs. 
Alongside this memorable discovery of Dinosaurs in North 
America, Europe can place the discovery of twenty-three 
wonderfully preserved skeletons oT Iguanodon near Bernissart. 
These were carefully disinterred under the guidance of 
Dupont, and afterwards excellently described by Dollo. 
Besides the authors already named, Hulke, Seeley, Lydekker, 
and Baur have made valuable contributions to the know- 
ledge of this interesting extinct order of Saurians. 

Under the name of Theromorpha, Cope, in 1880, erected a 
new order of Reptiles, in which he placed rather an ill-assorted 
assemblage of fossil forms. The Placodonts from the Mus- 
chelkalk were the first known representatives of this order, 
but notwithstanding the memoirs of Munster, Braun, Meyer, 
and Owen, the affinities of the Placodonts are still very obscure. 
As yet the skull, jaws, and teeth are the only parts of the 
skeleton that have been found. 

In the year 1859 Owen erected the order of Anomodontia, 
for certain remarkable fossil Reptilian remains which had been 
discovered in South Africa by G. Bain as far back as the year 
1838. Afterwards Owen (1876) separated the Theriodontia 
from the Anomodontia, and erected it as an independent 
order characterised by numerous well-differentiated teeth. 
Owen then devoted a special monograph to all the Reptilian 
remains from the Karroo formation in South Africa, and his 

27 
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work in this direction has been supplemented by the more 
recent monographs of G. Seeley. In ^880, Cope 
kiescribed several representatives of Theioniorpha from the 
Permian deposits of Texas, and E. T. Newton ^has recently 
made known some remarkable genera uf Anomodontia from 
the Triassic Sandstones of Elgin in Scotland, r 

Birds , — Cuvier gave an account of the few remains of fossil 
birds that were knowln in the beginning of this century. A 
general review of the geological distribution of birds was 
contributed by Milne-Edwards (1863), who als^. provided, in a 
large monograph (1S67-72) of the fossil birds of France, an 
osteological basis for the study of this class. In the year i860 
a fossil feather was discovered in the Jurassic shales of 
Solenhofen, and a year later at Eichstatt a whole skeleton of 
the oldest fossil bird was found. It was, however, described 
by A. Wagner as a winged reptile. Sir Richard Owen (1863) 
recognised in it the characters of a true bird, notwithstanding 
the long tail and the peculiarly constructed front extremities ; 
several palaeontologists thought it intermediate between birds 
and reptiles. A second specimen of Archaeopteryx was found 
at Eichstatt in 1877; it was obtained by the Berlin Museum 
and described by Dames (1884). In 1875, Marsh drew 
attention to the occurrence of toothed birds in the Cre- 
taceous rocks of Kansas, and published a monograph in 1880 
with excellent illustrations of these Odontornites. The re- 
markable fossil giant birds of New Zealand were described 
in detail by Owen (1849-86), and the powerful Elpyornites of 
Madagascar were studied by Bianconi, Grandidier, and Milne- 
Edwards. The comprehensive work of Fiirbringer (1888) 
contains a full exposition of the phylogenetic relations of fossil 
and living birds, and is of the utmost importance for the 
morphology and classification'" of birds. 

Mammals , — No sub-division of Palaeontology was so far 
advanced in the beginning of the nineteenth century as that of 
fossil Mammalia. CuviePs famous investigations on fossil 
bones (ante^ p. 135) not only contain the principles of a 
Comparative Osteology, but also show in a manner that has 
never Been surpassed how fossil Vertebrates ought to be 
studied, and what are the broad inductions which may be 
drawn from a series of methodical obs_ervations. A consider- 
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able part of the fossil mammals that occur in Europe are 
exhaustive^ described in Cuvieds classical work, and until 
Darwin b^an to interest himself in the palseontology yf 
the fossil Mammalia, the study continued to be followed 
entirely along the liifes indicated by Cuvier. The Osteology of 
jRecefit and Fossil Manwiaila, a large work in four volumes by 
Ducrotay dc Blainville,^ was prepared strictly after t 4 re model 
of Cuvier^® writings, ^though the copy comes very far short of 
the original. Still Blainville had at his^isposal unusually rich 
fossil material, and his illustrations were prepared by draughts- 
men of excepj^ional skill and technique. In artistic treatment 
and scientific accuracy, the plates which accompany Blainville’s 
Osteology are perhaps only surpassed by the magnificent draw- 
ings of the skeletal parts of recent mammals by Pander and 
D’Alton (1823-41). Giebel’s Fauna der Vorwelt contains in 
the fii%t volume a concise and faithful account of all the fossil 
Mammalia known up to the year 1847, A newer summary of 
the subject is comprised in R. LydekkePs Catalogue of the 
fossil Mammalia in the British Museum (1885-87), and a still 
later account in the Introduction to the Study of the Living and * 
Fossil Mammals ( 1 89 1 ) by Flower and Lydekker. An enumera- 
tion of all known fossil Mammals was drawn up by O. Roger 
(1887 and 1896). 

In contrast to Cuvier’s anatomical and descriptive mode 
of treatment, Gaudry, in the first volume of his work, 
Enchainenmiis du Monde Animal (1878), aimed rather at 
elucidating the genealogical relations of fossil Mammalia 
in an attractive manner, and at demonstrating the gradual 
transformation of certain types in the course of the geo- 
logical periods. Many writers on fossil Mammalia, among 
others Huxley, Rlitimeyer, Cope, and Marsh, have brought 
forward weighty evidence in favour of Darwin’s theory of the 
descent of man. * 

In Germany, Goldfuss and G. Jaeger (1835) published 
Contributions to the Knoivledge of the Fossil Mammals found 
in the Diluvial deposits and in the Tertiary series of Swabia. 
The monographs of J. J. Kaup (1832-61) described the 

^ Hemi Made Duciolay cle Bkinvilie, born 1778 in Argu^ near Dieppe, 
studied Medicine in Pans, was Piofcssor of Compaialive Anatomy and 
Zoology at the Normal School, and in 1832 succeeded Cuvier as Piofessor 
of Comparative Anatomy at the Botanical Garden ; he died suddenly in 
1850 in a railway compartment, while travelling between Paris and Rouen. 
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Tertiary Mammals of the Mainz basin, and also the remarkable 
fauna from Eppelsheim, near^ Worms. Simultai^-iously with 
Kaup, TL von Meyer Began his palaeontological writings with a 
iimmoir on fossil antetypes of the horse (Hipparign) found at 
Eppelsheim, and on Cervus Alces and Diflotherium Bavaricum 
(1832). Other monographs followed, describing fossil Mam- 
malian teeth and bones from Germaiiy and from different 
parts of the world. A. Wagner, the Llunich palssontologist, 
has the credit of having first made known the rich Mammalian 
fauna of Pikermi, near Athene (1848-57); his works were 
afterwards superseded by Gaudry’s excclleij^ monograph 
(1862-67), wherein a fuller material collected by Gaudry 
himself is accurately described and discussed. By the death 
of PL von Meyer, Germany lost its best authority on fossil 
Mammalia. The gap was to a certain extent filled by 
Quenstedt and 0 . Fraas in Wiirtemberg, who carried'*' out a 
careful revision of Jaeger’s preliminary account of the well- 
preserved Mammalian remains from the Swabian Alp and 
the fresh-water limestone of Steinheim (1870 and 1885). In 
recent years, M. Schlosser, O. Roger, Koken, W. Branco, 
and Pohlig are the leading German authorities in the research 
of fossil Mammals. 

In Austria-Hungary, Peters, Suess, Toula, A. Hofmann, 
Weithofer, Woldrich, and others have contributed valuable 
memoirs on the knowledge of Tertiary Mammals. The 
fauna of the Belgian caves was admirably described by 
P. S. Schmerling (1833-46), and similar investigations on 
the Diluvial Mammals of France \vere conducted by M. de 
Serres, Lartet, E. Chantre, and Lortet. France has always 
fostered the palseontological research of fossil Mammals. The 
fundamental works of Cuvier and Blainville were followed by 
a large number of special memoirs. P. Gervais (1848-52) 
published a work on the zoology and palaeontology of the 
Vertebrates occurring in France. The Rlammalian remains 
of the Department Puy-de-D6me (1828) were made the 
subject of special monographs by Croizet and Jobert; Pomel 
described those of the Rhone basin (1853); Edouard Lartet 
described the Miocene fauna of Sansan ; H. Filhol the rich 
Mammalian fauna of the phosphorus beds in the Oligocene 
deposits of Quercy and neighbouring localities; and V. Lemoine 
described the oldest Mammalian fauna of France occurring in 
the Lower Eocene rocks of Cernays, near Rheinis. 
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One of the most celebrated palaeontologists in the domain 
of fossil ^ammalia was Rtit^meyer,^ in Btle. His works 
cover a wide field of research and hold a high place in the 
literature. Some 0^ the best known are his monographs on 
the fauna of the lake-dwellings (1862), his contributions to 
the Comparacive Odontography of the Ungulata (1863), his 
memoirs on the genealogy of the Mammalia (1867), his 
discussion of the affinities between th^ Mammalia of the Old 
and New Worlds (1888), and his Cofitributions to a Natural 
History of the Ruminants (i865), of Oxen (1866-67), and 
of Deer (188#). Rlitimeyer is a convinced although cautious 
adherent of the Darwinian theory of evolution. His genea- 
logical trees of the Mammalia show a complete knowledge 
of all the data concerning the different members in the suc- 
cessio®, and are amongst the finest results hitherto obtained 
by means of strict scientific methods of investigation. 

In Great Britain, Buckland provided in his Reliquice Dilu- 
viance (1823) the earliest general account of the Mammalian 
remains in the caves and the Diluvial deposits of that country. 
After the production of Owen’s Natural History of the British 
Fossil Mammals and Birds in 1846, that observer was uni- 
versally recognised for nearly half a century as the greatest 
living authority on Mammalia. Throughout his long and 
active career, Owen contributed an extensive literature on 
British, Australian, South American, and Asiatic fossil mam- 
mals. Special interest was aroused by his memoir in 1891 
on the oldest known Mesozoic forms, from the Stonesfield 
and Purbeck horizons of Jurassic rock. Another zealous 
British palaeontologist was Dr. Falconer, whose Fauna Siva- 
lensis (1846-49), written in collaboration with Cautley, 
disclosed a new and extremely rich Mammalian fauna from 
the younger Tertiary deposits of India. After Dr. Falconers 
death, Charles Murchison collected several of his important 
memoirs on fossil Rhinoceroses and Proboscideans, and pub- 
lished them posthumously in one volumic (1868). In more 
recent years, Busk, Flower, Lydekker, Boyd Dawkins, and 

^ Ludwig Rlitimeyer, born on the 26lh February 1825, at Biglen, in the 
Emmen Valley, the son of a pastor, studied at first theology, then medicine, 
at Bern University, but showed a piefeience for geology, zoology, and 
palpeontology. In 1853 he was appointed extia-Ordinary Professor of 
Comparative Anatomy in Bern, and in 1S55 Piofcssor of Zoology and 
Comparative Anatomy at Bale; he died at Bale on the 25111 November 
1895. 
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Lcilh Adams have been engaged in the palaeontological 
research of fossil Mammalia. f 

*‘The broad plains of Russia have afforded numerous speci- 
mens of Diluvial fossil Mammals, the Tntiary fcimalions in 
the vicinity of Odessa and Tlessarabia have yielded remains 
of the ojdest fossil Mammals, more especially of Cetacea 
and Pinnipedia. The leading investiga'Iors of the^c remains 
have been J. F. Brandt, A. von Nordmann, and IVL Pavlow, 
A rich fossil Iviammalian fauna was discovered by Forsyth 
Major (1887) on the island df Samos, in formations con- 
temporaneous with those of Pikermi, 

Many Mammalian remains in the Diluvial deposits of North 
America were known as early as the eighteenth century. In 
the year 1857 Emmons discovered the famous Dinotherium 
jaw from the Triassic rocks of Virginia. A strict scientific 
investigation of fossil Mammalia was first inaugurated in 
Noith America by Joseph Leidy, the late Professor of 
Anatomy at the University of Philadelphia. In the year 
1853, Leidy’s Mimograph on the Mammalian Remains of 
Nebraska revealed a fauna quite different from all European 
faunas then known. Twolater works (1869 and 1873) showed 
that Mammalian faunas, of which no one had previously any 
conception, were interred in the successive Tertiary deposits 
in the Far West of North America. 

The excellent publications of Leidy inspired 0 C. Marsh 
and E. D. Cope to begin in the early seventies their pro- 
longed series of valuable researches on the fossil Mam- 
malian faunas in the Far West. Immense sums of money were 
required, and were readily procured, for the disinterment of 
the fossil remains. To the penetration of Marsh ^ and his 
welhtrained collectors, paljEontology owed the discovery of 

^ Othniel Charles Marsh, nephew of the rich philanthropist Peabody, 
was born on the 29th October 1831, at Loclcport, in New York State 5 
studied in Yale College at New Haven, in Berlin, Heidelberg, and Breslau, 
and travelled in Germany, the Alps, and other parts of Europe dining 
his student days. After his return to America, he was in 1866 appointed 
Professor of Paleontology at Yale University, and Director of the 
Geological and Paleontological Department of the Museum founded 
by Peabody, a post which he occupied for thirty years. He organised 
numerous ^expeditions to the Far West, which was then a most inhospitable 
legion, and secured over a thousand new species of foss>l Mammalia. PTe 
bequeathed his private collection, formed at his own expense, to the 
Peabody Museum. The specimens collected at the expense of the State 
are now in Washington. Pie died at New Hav^, in March 1899. 
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a richly diversified micro-fauna of mammals in the Upper 
Jurassic deposits, and a si milaii fauna in the youngest Creta- 
ceous horizons of Wyoming and Colorado. A monograph, 
with plates of very high excellence, was devoted by Marsh 
(1884) to the descrTption of the gigantic Dinocerati, which 
form a group of fossil Mammalia peculiar to North America. 
A large number of memoirs by Marsh appeared in successive 
publication^ of the American Journal of Sciences, and made 
known the important results of his resftirches on the interest- 
ing faunas of the Far West, , 

Contempor^ieously with Marsh, his indefatigable rival, Cope, 
also worked at the fossil Mammals of the Western States. 
Unfortunately these two highly-gifted palaeontologists were 
not on friendly terms, and it frequently happened that their 
works ^ on special genera and species overlapped. Cope’s 
greatest interests were systematic, and he made several im- 
provements in the classification of the higher Mammals. His 
two reports on the extinct Vertebrates in New Mexico (1874) 
and on the Vertebrates of the Tertiary formations in the 
Western States (1884) contain an extraordinary wealth of new 
observations. Cope discovered a new fauna in the so-called 
Puerco formation, the oldest horizon of the American Eocene 
deposits. 

Cope’s work comprised the fossil Mammalian remains found 
in Mexico, Central America, and the West Indies. In Brazil, 
a Danish geologist, P. W. Lund, discovered and described 
(1841-45) a diversified fossil Cave Fauna. The wide Pampas 
in the Argentine, in Uruguay and Paraguay, proved to be a 
rich field for the remarkable fossil Edentate forms. The 
osteological characters of the gigantic fossil Sloths found 
abundantly here and in the Pleistocene deposits of other parts 
of North and South America have been investigated by Owen, 
Gervais, D’Alton, Huxley, Flower, Nodot, H. von Meyer, and 
more recently by H. Burmeister (1864-81), J Reinhardt 
(1875), Florentine Ameghino. 

Next to the discoveries of Mammalian faunas in the west of 
North America, the most important paloeontological event of the 
two last decades of the nineteenth century has been the disclo- 
sure made by Florentine Ameghino of a rich Mammalian fauna 
in the Tertiary rocks of Patagonia. New forms are constantly 
being added from the inexhaustible fossil localities in the pro- 
vince of Santa Cruz. ^The fauna is being described entirely by 
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its discoverer Ameghino, and has already thrown great light 
on the relations and real sMinities of the exiting South 
-American fauna. In Australia also, a number of new fossil 
Mammals have become known, and have been i-deotified as 
the ancestors of the existing Marsupial Mffmmals, distinguished 
from them in many cases by the much greater ske of the fossil 
forms. r 

In addition to the above-mentioned writings, which for the 
most part treat whole^faunas or connected local occurrences, 
there are many special memoirs pf individual orders or families 
of Mammalia or on questions of Comparative^fOstcology and 
Odontology. The masterly works of W. Kowalesky (1874) 
and certain papers by Cope discuss the variations undergone 
by the extremities and the dental apparatus of the Ungulates. 
Cope’s ideas have been carried farther by Wort man, Schlosser, 
and especially by Osborn, who has proposed an odontological 
nomenclature of the individual elements of the back-teeth 
applicable to all Mammals. 

The occurrence of human fossil remains and of products of 
human activity, as well as the origin and evolution of the 
human race and its affinities to the Primates, have been made 
the subject of a voluminous literature. But since the task of 
seeking a solution for these problems now belongs to a special 
branch of science, Anthropology, Palaeontology confines itself 
more and more to the study of fossil floras and faunas. 



CHAPTER VL 


STRATIGRAPHiCAL GEOLOGY. 

The Early Foundations of Stratigraphy, — In the year 1762, 
Fuchsel proposed the term Formation for a series of strata 
accumulated under similar conditions and in immediate sue- 
cession^lo one another. The expression was meant to indicate 
not only the origin, but also a certain horizon in the strath 
graphical succession, and the particular geological age of the 
series. By Werner’s use of the term, it was given an essen- 
tially petrographical significance, and lost FiichseFs conception 
of the serial succession of rock-deposits. In Werner’s teach- 
ing, the rocks of similar petrographical character were united 
into a formation ; thus the sandstones were regarded as a 
“ formation ” distinct from the limestones, and the limestones 
represented a ‘‘formation” distinct from shales, porphyries, 
etc. But as formations of sandstone, limestone, etc., re- 
curred again and again in the rock-succession, Werner’s system 
allowed for this repetition by grouping the different petro- 
graphical formations into “ suites,” and supposing each suite 
to represent a definite period in the history of sedimentation. 

Brongniart and Cuvier, as well as most of their contem- 
poraries in France, associated with the term Formation merely 
the conception of a particular mode of origin and consequent 
character of the deposit. On tTie other hand, for a complex 
group of strata accumulated within a definite geological epoch, 
the expression Terrain was suggested by Bonnard, Brong- 
niart, and Provost. In the works of De la Beche, the 
term Groups in Murchison’s writings the term System, is 
synonymous with Fuchsel’s conception of Formatiofi, 

Humboldt followed Werner in giving to the Formation 
chiefly a genetic and petrographical significance, *but he 
assigned also a certain chronological value. He defined the 
Formations as “System^ of mineralogical accumulations, which 

42s 
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are associated with one another in such a way that they may 
be regarded as having takei> origin simultaneomly.” Hum*- 
boldt admitted that fossils were useful in identifying the age 
of certain rocks, but thought they could not supf^Jy a sufficient 
basis for establishing a chronological succession of the forma- 
tions and the different horizons in the formation. 

In the year 1822, Conybcare^ and Phillips published a work 
on the geology of England and Wales, which, although it has a 
distinct local colouriiTg, gives a fairly complete representation 
of the geological knowledge of the sedimentary rocks at 
the time. The two authors applied througiliout the work 
William Smithes principle of determining the age of the 
rocks upon the evidence of the fossils contained in them. 
The introduction contains a succinct historical sketch of the 
progress of geology in Great Britain. The stratigraphical part 
begins with a short description of the Alluvium and Diluvium, 
then enters in fuller detail into the consideration of the 

Formations above the Chalk,” — the formations that were 
afterwards grouped as Tertiary. Conybeare and Phillips dif- 
ferentiated the successive horizons in this group, upon the 
basis of WebstePs and Buckland^s researches, into four hori- 
zons : — 

Upper Marine Formation (Ciag and Bagshot Sand). 
Fresh-water ,, 

London Clay ,, 

Plastic Clay „ 

Between these and the Oolite formation Conybeare and 
Phillips distinguished two main sub-divisions in the Cretaceous 
formation : — 

Upper Cretaceous System, comprising the Chalk deposits. 

Lower Cretaceous System, comprising Chalk Marl, Green- 
sand, Weald Clay, and ferruginous sand. 

The sub-division of the Oolite formation was carried out on 
the basis of W. Smith’s observations. Conybeare and Phillips 
distinguished four main divisions : — 

Upper Oolite System, with (a) Purbeck Series, (^) Port- 
land Oolite, (c) Kimmeridge Clay. 

Middle Oolite System, with (a) Coral Rag, (^) Oxford 
, Clay. 

^ William Daniel Conybeare, born 1787 in Bkbopsgate, studied in 
Oxford, entered the Church and became Dean of Llandaff ; died in August 
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Lower Oolite System, with (a) Cornbrash, (^) Forest 
IVJWble, (c) Stonesfield? Slate, (d) Great Oolite^ (e) 
Lo\ver Oolite, (/) Marl Stone. • 

Lias. 1 ^ 

Between the Oolite and the Carboniferous formation, Cony- 
beare and Phillips recognised the formation of the Red Marl 
and New Red Sandstone, and that of the Magnesiali Lime- 
stone. No^fossils had been found in the Red Marl and 
Sandstone formation, but Conybeare 3 nd Phillips correctly 
compared the group with the Bunter Sandstone on the Con- 
tinent. The Magnesian Limestone of Sunderland, Durham, 
and Northumberland was identified by means of its char- 
acteristic fossils as an equivalent of the “Zechstein’^ and 
Copper Slate Series on the Continent (cf. p. 36), Conybeare 
also recognised in the Conglomerates of Devonshire a forma- 
tion corresponding to the “ Red Underlyer’’ of the Continental 
deposits. Finally, the Carboniferous formation was very care- 
fully described, and was sub-divided into four groups — Coal 
Measures, Millstone Grit and Shales, Carboniferous Limestone, 
and Old Red*SUndatone. 

This classic work of Conybeare and Phillips demonstrated 
in convincing manner that only with the assistance of fossils 
could a secure foundation be obtained for a comparative con- 
sideration of the sedimentary rocks, and although their paral- 
lelism of the English deposits with those of the Continent is 
often erroneous, the method which they adopted signified the 
scientific recognition and marked success of William Smith’s 
reform. 

In Germany, after the collapse of Werner’s system, geology 
seemed for a time to make no progress. It was only by slow 
degrees that the paleontological method could ingratiate itself 
with geologists. Keferstein’s Tqbles of Comparative Geognosy 
(Plalle, 1825) presents a curious combination of Wernerian 
ideas, Humboldt’s teaching, and the influence of the new 
British methods. ‘‘ Neptunian Formations,” six in all, and 
“Volcanic Formations,” also to the number of six, are arranged 
in two corresponding columns. The Granite and Syenite are 
placed lowest in the Volcanic formations as the oldest 
Volcanic rocks contemporaneous with the gneiss* schist, 
greywackes, and slates that were comprised in the oldest 
sedimentary “Formation Suite” by Werner. The “Porphyry” 
Volcanic formation is, regarded as the contemporary of the 
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C*arho^i^l;ri^u^ fuimations; the Augite Porphyry’^ is the 
cyiiiemporary of the Permo 4 Viassic and Liassi^forniations ; 
Ihe ‘*'rrarh)te is rorrelatcd with the Jurassic and Cretaceous 
formations; the BasalC^ with the Tertgiry depots; and the 
Lava with the Diluvial and Alluvial accumulations. The 
enuiiuivition of life stratigraphical rock-successicfin undoubtedly 
shows a* eonsideralde advance on the 4ext-books ^with almost 
exclusively Wernerian sub-divisions, which had hitherto held 
the place of authority Germany. 

Ami Bou£i in his Geog^fwsik Sketches m Germany (1S29), 
describes the series of formations and their ^distribution in 
Germany. These sketches give a wonderfully comprehensive 
view of the straligraphical relations in Germany itself, and 
draw a careful comparison between the character of the forma- 
tions in Germany and their age-equivalents in other parts of 
Europe. A much clearer insight is given into the leading 
straligraphical features of the Alps, Ami Boue’s personal know- 
ledge of the rock-succession in other countries enabling him to 
form broader conceptions regarding different developments or 
* facies of formations belonging to the same geological epoch. 
But still more important was the new light thrown by Ami 
Boud upon the distribution of Tertiary deposits in Central 
Europe. He pointed out that these deposits occur in five 
well-defined basin-shaped areas: namely, the North-German, 
Bohemian, Rhineland, Swiss-Bavarian, and Austro-Hungarian 
depressions. Bou^ showed that in none of those areas w^ere the 
deposits identical in character with the deposits of the same 
age in France and England. The exposition of these relation- 
ships is one of the finest contributions to the stratigraphical 
knowledge of the time, Bou^ relying almost entirely upon his 
own independent observations. Boue's penetration is the more 
remarkable since it was little -aided by palseontological data, 
and Bou6 was no great believer in the stratigraphical value of 
fossils. 

Alexandre Brongniart was one of the most active Continental 
pioneers of the application of palaeontological methods to the 
problem presented by geological field-surveying. In 1829 he 
made the attempt to describe all the rocks composing the 
earth’s crust in chronological order, and to introduce a new 
nomenclature for the successive horizons of rock, which should 
be quite independent of lithological features. In his system 
Brongniart distinguished nine classes of Terrains, stating that 
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he assumes nothing further regarding the rocks comprised in a 
“Terrain” ^an that they origii|ated during a definite great 
geological ptkiod. The Terrains” arc then sub-divided 
Formations or Groups. Each Formation is said to contain 
rocks that haS been farmed under similar or almost identical 
conditions ; an^i the Formations are again divided into Sub- 
Formations {Sous-Form^tioHs\ each of which is said to com- 
prise a complex of strata conformably succeeding one another, 
and having the same fossil fauna or flor^?. The most valuable 
part of Brongniart’s work is the jarge number of lists enumerat- 
ing the charact^istic fossils in the sub-formations. 

The Terrains are classified under two Periods, the Feriodc 
Joviemie^ with the three youngest, and the Feriode Satnrnienne^ 
with the other six Terrains. 

D’Omalius d'Halloy partly accepted Brongniarf s terminology, 
partly altered it, but he followed the sub-division and general 
arrangement of the Terrains. The Belgian geologist was 
Brongniart’s solitary disciple in the literature. In comparison 
with the contemporary work in Great Britain, Brongniart’s 
stratigraphical system could only be regarded as a retrogressive 
step. 

The excellent Geological Ma?iiial of De la Beche (London, 
1831) followed the example of W. Smith, Conybeare and 
Phillips, and adopted their terminology and their arrangement 
of the formations. That De la Beche showed a special interest 
in the modern and diluvial formations was only what might 
have been expected in the author of the Geological Observer, 
In his treatment of the “ Group above the Chalk,” De la Beche 
made use of the literature on the Tertiary formations of the 
Paris basin, Italy, Switzerland, and the other Tertiary basins 
of Europe, but in spite of the rich material in the literature he 
failed to construct a precise, chronological table of the succes- 
sion. For the Cretaceous group,' the English sub-divisions are 
taken as a type; in the Oolitic group, De la Beche made 
only one or two slight alterations on W. Smithes sub divisions, 
and, on the basis of the important works of Merian and 
Thirria, assigned the Jurassic formations of the Swiss and 
French Jura to their proper position in the stratigraphical 
succession. De la Beche included in the group of the “Bed 
Sandstone ” the whole series of Keuper, Muschelkalk,' Bunter 
Sandstone, Zechstein, Copper Slate, and Red Underlyer. In 
the Carboniferous formation he embraced very rightly only the 
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C*oj 1 rind the Carboniferous Limestone; the Grcy- 

w.if'ke lO'iiup included for the^nost part Werner^s ^Transitional 
N,’’ Init a I fossilifcrous gioup” of slices was differ- 

« ivti.iti'd lo ^’osnpiise the oldest shales and greywackes in Wales 
ami brittaiiy. At tla; Ikim? of this fBssiliferous formation, 
He hi Li'tLe descTifjed the lower unfossiliferouj^scries of strata 
fsrhists* gneiss gnuiulite, elt\h and finally the unfossiliferous 
enifitive vnrielies rjf rork. dins text-book !>y Be la Beche 
hm! a wi<le circulaifcii ; it was translated by H. von Dechen 
{iS35\ into iliinnm\ and by prodiant de Villiers (1833), tn 
hoinewhat altered form, into French. * 

In the year 1B33 volume of LydVs I^ri/iaples oj 

appeared, the volume which was afterwards published 
as an independent work, entitled The Elements of Geology. 
This volume is especially memorable in stratigraph^j^ for its 
skilful solution of the difficult task of establishing a^chrono- 
logical sub-division of the Tertiary strata, that should apply 
ec|ua!ly to the occurrences of this series in all the isolated 
basins of deposition. With the help of P. Deshayes, Lyell 
proposed the classification that has become permanent in the 
science. 

Several years earlier, in 1829, Desnoyers, in an important 
treatise, had proved that the different Tertiary basins had not 
been filled with quite contemporaneous deposits, but that in 
some of the basins deposition only commenced after others 
had been partially or wholly silted up with sediments. The 
Tertiary series could, he said, be naturally sub-divided into an 
older and a younger group of sediments. 

In the following year, 1830, P. Deshayes^ published the 
results of his investigations on the resemblances and genetic 
relations of the Tertiary Molluscs to the existing fauna. No 
fewer than 2,902 species of Tertiary Conchylia, all derived 
from known localities and horizons of deposit, were compared 
with one another and with 4,639 living species. The results 

^ Paul Cer. Deshaj-es, boin 1796 at Nancy, studied medicine in Stras- 
burg and Paris, but never entered into professional practice. He taught 
privately, and devoted his leisuic to zoological and conchological studies. 
Fiom 1S39 to 1842 he lived in Algeiia, in order to make special researches 
on the molluscan fauna of that neighbourhood. After his retmn, he held 
private oourses of lectures on geology and palaeontology, and in 1869 he 
was appointed Professor of Conchology at the Museum in Paris; died on 
the 24th May 1896. Ilis splendid collection was acquired by the State, 
and is exhibited in the School of Mines in Paris. 

(<S 
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showed that a number of deposits in the Paris and London 
basin, in ih% Belgian and in the^Vicentinian basins, contained 
only about 3%)er cent existing species and 97 per cent extinci 
species; and that of 1,400 investigated species, only 42 con- 
tinue iipwarcf into thi! younger group of Tertiary rocks which 
comprise the i'aluns of Touraine and Aquitania, the deposits 
of the Vienna and Hungarian basin, of Poland, ^nd tlic 
Superga, near Turin. In these localities, 18 per cent existing 
species are represented. In the thir€ and youngest sub- 
division of the Tertiary rocks, comprising the sub-Apennine 
formation of I^aly, the marine deposits of Greece, and the 
Crag of England, there are 52 per cent existing species. The 
still younger bivalve banks of Uddewalla, Sicily, Nice, etc., 
contain 96 per cent existing species. The complete Tables of 
Deshayes were published in the year 1833 in LyelFs Principles 
of Geofogy. It is difficult to tell in how far Lyell was the 
originator of the researches sb brilliantly carried out by 
Deshayes; the distinguished British geologist had certainly 
devoted special attention to the Tertiary Molluscan faunas 
during his early journeys in Italy. 

Lyell proposed the names of Eocene, Miocene, and Pliocene 
for the three sub-divisions of the Tertiary rocks which Deshayes 
had established, and some time afterwards he suggested that the 
so-called Diluvial deposits above the Tertiary rocks should be 
termed “ Pleistocene. LyelFs terminology was soon universally 
adopted in geological literature. 

Quite independently of Deshayes and Lyell, H. G. Bronn 
had been conducting a detailed series of researches on the 
distribution of the organic remains -in the Italian Tertiary 
rocks, and published his results in tabulated form in the year 
1831. The learned Heidelberg palseontologist (cf. foot-note, 
p. 364) demonstrated as leading principles that the total 
number of the genera and species in the Tertiary deposits 
increased in the successive horizons of deposit from the lower 
to the higher, and that the number of extinct species diminished 
in each successively younger horizon, while the number of 
existing species became proportionally greater. Applying these 
principles as a stratigraphical basis, Bronn sub-divided the 
Tertiary deposits of Europe into two groups, the older of which 
corresponds almost exactly with LyelFs “Eocene^’ formation, 
while the younger or upper series of Bronn corresponds with 
LyelFs “Miocene” and^“ Pliocene” formation. 
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to accortiplish in the British area, and which was' fulfilled in a 
manner w(?rthy of the noblest traditions of their countryman, 
William Sm?th. o 

In the summer of^i83i the two friends began their investi- 
gations in Wales and the neighbouring districts. Sedgwick 
had already studied the Transitional formations in the Lake 
District of Cuniberlar^d and Westmoreland between h822 and 
1824, andliad disentangled the tectonic structure and strati- 
graphy of this very complicated district, although his sub-divis'ion 
of the formation had been based, in the absence of fossils, merely 
upon the lithological features and stratigraphical relations. The 
Cambridge professor in 1831 renewed his study of the same 
formations in North Wales, in the neighbourhood of Snowdon, 
and elucidated the tectonic relations of the rocks with admirable 
skill. ^Unfortunately the scarcity of fossils made it still impos- 
sible for Sedgwick to establish palaeontological sub-divisions. 
Murchison was more fortunate. While his colleague was 
engaged in the examination of the oldest group of the 
Transitional series, Murchison began his investigation of the 
series in descaiding order from the upper members to the 
lower. He examined the exposures of Old Red Sandstone and 
the rocks immediately below it, which occur on the eastern and 
southern borders of Wales. 

Murchison found fossils in abundance, and in a couple 
of years was able to lay before the Geological Society a com- 
plete palaeontological sequence in the upper portion of the 
Transitional formations. At first Murchison had called these 
higher members examined by him an “Upper fossiliferous 
greywacke series ” ; but in the year 1835, in compliance with 
the strongly-expressed wish of Elie de Beaumont, he proposed 
the name “ Silurian System ” as a special designation for the 
upper members. And as the ol(ter members of the Transitional 
series examined by Sedgwick in Cumberland and North Wales 
could not be identified with any of the members in the Silurian 
system of Murchison, the term of “Cambrian Series’' was 

and he afterwards continued his researches in Devonshire, Germany, 
Belgium, and Russia. In 1855 Murchison succeeded De la Beche as 
Director of the Geological Survey of Great Britain. Murchison was one 
of the founders of the British Association, twice Piesident of thepeological 
Society, and for many years President of the Geographical Society; he was 
also a recipient of the Wollaston medal ; in 1866 he was created a baronet. 
Throughout his career Murchison took a distinguished position in London 
society.; He died on the 2;|nd October 1871. 


28 
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proposed by Sedgwick in 1836 for these older members, and 
this term was accepted by MuBchison. 

»In the year 1839 Murchison published his great work The 
Silurian System^ wherein the results ^ of his. researches 
extending over six years were admirably elucidated. After a 
short statement regarding the younger geological formations, 
and a nfore detailed account of the English Carboniferous 
formation, the Mountain Limestone, and the " Old Red 
Sandstone, Murchison^passes to the special description of the 
Silurian system in South Wales*and the adjoining counties of 
England. With great accuracy he depicts thOd^stratigraphical 
relations, the lithological characters of the rocks, the contents 
of fossils and minerals, and the occurrences of volcanic rocks. 
A special palaeontological part with twenty-seven quarto plates 
is devoted to the description of the characteristic fo^ils by 
L. Agassiz, Sowerby, and Lonsdale. Numerous coloured 
sections help to demonstrate the tectonic relations of the 
district. 

Murchison distinguishes three chief divisions in the Silurian 
system — ' • 

Upper Silurian, comprising the Ludlow Rocks and 
Wenlock Limestone. 

Lower Silurian, comprising the Caradoc Sandstone and 
Llandeilo Flags. 

Cambrian. 

Murchison found it impossible at the time to fix a definite 
palaeontological horizon as the lower limit of the Silurian 
system, and Sedgwick also could not assign any palceontological 
or other feature which would determine the upper limit of the 
Cambrian series. Nevertheless, the recognition of the Silurian 
and Cambrian systems was one of the most important 
advances that have been mada in stratigraphy. 

There still remained, however, a thick group of strata in the 
Wernerian “Transitional Series” which could not be allotted 
to either of the newly-defined systems. De la Beche had 
worked with unrelaxing energy for several years at the 
geological investigation of Devonshire and Cornwall, and in 
1839 had reproduced his results on an excellent geological 
map of -this district. He had separated a series of plant- 
faring shales from the true greywacke strata (Kilias 
Greywacke) and applied to them the name Carbonaceous 
Series (now “Culm Shales”), but he thought the latter was in 
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part older than the greywacke beds. In the year 1836, 
Murchisorf ^and Sedgwick pro ted that the shales belong to 
the Carboniferous formation and repose upon the trfle 
greywacke ^ries wi^h interbedded conglomerates, shales, and 
fossiliferous limestone. The whole complex of strata is so 
strongly compressed and folded, and the rocks show such 
striking metamorphicrfeatures, that Murchison and Sedgwick 
both were’^of opinion they must be ^f Cambrian age. ^ut 
Lonsdale, to whom the fossils were entrusted for examination 
in 1837, expressed his conviction that the Killas greywacke 
complex must«be younger than the Silurian system and older 
than the Carboniferous system. Although at first a little 
incredulous, after a careful revision of their sections, the two 
geologists accepted Lonsdale’s conclusion, and together wrote 
a larg^ memoir (1839) newly-identified system of strata, 

which they termed the Devonian,” between the upper 
Silurian and lower Carboniferous. In addition to the grey- 
wacke series in Devon and Cornwall, they assigned to the 
Devonian system the Old Red Sandstone in Scotland, whose 
distribution, thickness, divisions, and fossils had been the 
subject of their earlier memoir published in 1828. 

Many doubts were cast upon the independence of this new 
system, and Murchison and Sedgwick resolved to test their 
results by means of comparative researches in the Continental 
districts where the Wernerian “ Transitional Series ” had been 
chiefly studied. The two friends travelled in the summer 
of 1839 through the Rhine district, Westphalia, the Harz, 
Nassau, Thuringia, the Fichtel mountains ; in the companion- 
ship of De Verneuil, they also travelled in Belgium and the 
neighbourhood of Boulogne. In 1842, Murchison and Sedg- 
wick published a memoir in which they tried to show that a 
great portion of the shales a»d limestones, as well as the 
sandstones, greywackes, and conglomerates exposed in the 
Rhineland belonged to the Devonian and Silurian system, 
and that in the Fichtel mountains Devonian deposits were 
present, but no Silurian. These results were partially 
erroneous with regard to the Silurian division, since the 
whole of the lower greywacke series in the Rhine district 
was said to be Silurian, and the Silurian deposits in the 
Fichtel mountains were entirely overlooked. Still, the in- 
vestigations of the two British geologists proved incontestably 
that there lay betweai the Carboniferous system qnd the 
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older greywacke in Germany and Belgium a complex of strata 
sometimes highly fossiliferous,fand the indiibitable^equivalent 
itf age of the Devonian system in Great Britain. 

The fossil remains from the Palaeozoic^ rocks af Cornwall, 
Devon, and West Somerset were described by Sowerby (1837), 
and were again worked out by John Phillips in 1841. Phillips^ 
revised very carefully and established more securely the 
pal?pontological sequeg^ce of Devonian sub-divisfons which 
had been proposed by Do la Beche, Alurchison and Sedg- 
wick, and Lonsdale. In their earlier papers, Murchison and 
Sedgwick had sometimes designated the Silurkn deposits as 
Palmozoic, and the Cambrian as Protozoic. Phillips suggested 
(1841) that the name should be applied to all the 

strata of the ‘^TransitionaD’ series (the Cambrian, Silurian, 
and Devonian of British geologists), together with the Car- 
boniferous system and the Zechstein ; that the name Mesozoic 
should be applied to the Secondary deposits, and Cainozok 
to the Tertiary. This nomenclature rapidly found favour, and 
^ is now universally accepted. 

Until about the year 1840, geologists had'' derived their 
information regarding the Cambrian, Silurian, and Devonian 
deposits only from regions in which the strata show great 
tectonic disturbances and complicated relations. The news 
that these rocks occurred in Russia over wide tracts of terri- 
tory, and in an almost horizontal position, aroused the interest 
of Murchison to such a degree that in 1840 he undertook a 
journey in company with Verneuil to the Baltic Sea Provinces. 
In the following year Murchison made that important expedi- 
tion to the Ural mountains, whose outstanding result was not 
only the proof of the wide extension of Silurian and Devonian 
deposits in Russia, but also the erection of the “Permian 
System.” 

His continued researches on the Palaeozoic formations had 
led Murchison to conclude that the Cambrian deposits ex- 
amined by Sedgwick in North Wales contained no fossils 

1 John Phillips, born 1800 at Marden in Wiltshire, was the nephew of 
William Smith, and was guided by this great master into geological studies. 
In the year 1824 he was commissioned to arrange the museum of York, 
and he for ten years occupied in carrying out similar commissions in 
other towns, finally in London, Dublin, and Oxford. In 1S34 he was 
appointed Piofessor of Geology at King^s College in London, in 1844 
Professor of Geology in Dublin, and in 1S56 he succeeded Bucklancl as 
Professor, of Geology in Oxford. lie died m Atwil 1874. 
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different from those of the Lower Silurian, and that the 
Cambrian^ ^system was identacal with the Lower Silurian. 
Murchison made known this opinion for the first time irt a 
Presidenti^i Address which he delivered at the Geological 
Society. Sedgwick was deeply hurt, and immediately began 
(1842 and 1^43) a new investigation of Wales, in which he 
was assisted by the p^lasontologist Salter. In 1852, he upheld 
the independence of the Cambrian ^series, contending ,that 
under the Llandeilo of Murchison, which he recognised from 
the identity in the fossils 16 be contemporaneous with the 
Bala Beds anil designated Up;per Cambrimi^ there was another 
complex of strata about 10,000 feet in thickness. In this 
complex, Sedgwick distinguished two main divisions, the 
Festiniog and Bangor groups, with the subordinate members 
Aienig flags and shales, Tremadoc slates, Lingula flags, Har- 
lech grits and shales, and Llanberis shales. 

Murchison was not persuaded by Sedgwick’s results, and 
demanded a palaeontological foundation for the Cambrian 
system. In the year 1854, a somewhat shoitened and com- 
pletely re-modelled edition of the Siluriaji System appeared 
in octavo form, under the title Sihiria. Murchison in this 
edition treated the “ Cambrian Series ” merely as a local facies 
of the Lower Silurian division, and set aside its claims to be 
regarded as an independent system. Murchison’s Siluria 
begins with the oldest fossiliferous deposits in Wales (the 
Longmynd group) and provides in ascending order a detailed 
description of the Silurian, Devonian, Carboniferous, and 
Permian systems in England, concluding with a comparative 
account of the corresponding formations in the other parts of 
Europe and North America. 

The members of the Geological Survey, to whom the in- 
vestigation of Wales was enteusted, followed the views of 
Murchison, the Cambrian system disappeared from the official 
maps, and the colour for Silurian rocks was carried over the 
whole of the area previously allotted to the Cambrian system. 
Sedgwick, embittered by the want of recognition for his Cam- 
brian system, published (1851-55) a large work on the 
divisions and the fossils of the British Palaeozoic deposits, 
and protested in strong terms against the views hdd by his 
former friend and fellow-worker Murchison. He insisted 
upon the independence of the Cambrian system, and wished 
to limit the Silurian* system to the Ludlow and Wenlock 
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groups, referring all the deposits from the Caradoc series 
downwards to the Cambrian ^ries. The high-spjrited Cam- 
bfidge Professor could, however, make no impression upon 
his contemporaries against his influentiai opponent, who in 
1835 became the General Director of the Geological Survey. 
Indeed, the Council of the Geological Society hf 1852 placed 
themselves openly on Murchison’s side Ify passing resolution 
to docline on principle |iny communication made by Sedgwick 
on the classification and nomenclature of the older Palasozoic 
deposits. * 

Nevertheless Sedgwick adhered to his own clafsihcation, and 
published a historical review of his researches on the Paleozoic 
rocks of Great Britain, which appeared as an introduction to 
an illustrated catalogue of Cambrian and Silurian fossils drawn 
up by J. W. Salter. Sedgwick, in this last scientific exposition 
of his views, — for he died in the year of its publication (1873), 
— emphasised once again the independence of the Cambrian 
deposits, showed that the Cambrian system contained charac- 
^ teristic fossils, distinct from those of the Silurian system, and 
that it was consequently founded upon secure palaeontological 
data. In the end Sedgwick has been found right. The 
Cambrian system, although with a certain modification of its 
limits, is now recognised as an independent geological system 
represented throughout the whole earth. 

Special Stratigraphy . — The general framewoik of strati- 
graphical teaching had thus been constructed by the works of 
Lyell, Deshayes, and Bronn on Cainozoic rocks, by those of 
Smith, Conybeare, and Phillips on Mesozoic rocks, and those 
of Sedgwick and Murchison on Palaeozoic rocks. It was left 
for younger generations of geologists to work out the finer 
details and more accurate divisbn of the successive formations. 
This task was willingly undertaken by a thousand diligent 
hands, not only in Europe but throughout the world. ^ Little 
change has been made on the limits of the main divisions 
(formations or systems) of the stratigraphicai framework, but 
the work of determining palaeontological sequences in greater 
and greater detail is still in full progress, and the recognition 
of the nfinor stratigraphicai members within the formations 
varies from time to time with the increasing knowledge and 
understanding of the geological structure of the earth’s crust 
in Europe and other parts of the world. 
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A. Archtmn and Pre-Cambrian Rocks, — The great complex 
of gneiss afid crystalline schists which forms,the basement of the 
oldest fossififerous sedimentary rocks, and had always sinfee 
Werner’s tiqge been divided according to lithological characters, 
was imbued with new interest when, in 1854, William Logan 
reported the ^presence of organic remains in limestone inter- 
bedded with the ancient gneiss of Canada. The Eozoon 
Canadense regarded by Sir J. W. Dawson and W., B. 
Carpenter as a foraminiferal genus, an<f the supposed complex 
of Archaean schists and gneiss was accordingly placed in the 
series of sedimentary formations. Logan (1863) differentiated 
in Canada an older Laurentian gneiss formation and a 
younger Huronian formation resting upon it, and chiefly 
composed of mica schist and phyllite. Giimbel proposed a 
similai sub-division of the basement rocks in the area of the 
“ Bavarian Forest.” These divisions have not, however, been 
verified by subsequent researches; in some parts of North 
America it has been demonstrated that the Laurentian grani- 
toid and gneissose masses are continuous with dykes and veins , 
in the schists' and phyllites, and these intrusions must be 
younger than the Huronian series into which they have forced 
their way. 

The organic nature of the Eozoon ” was afterwards dis- 
credited by King, Rowney, and Moebius (cf. p. 386), but the 
adherents of the theory of descent argued the strong prob- 
ability of the occurrence of organic remains in these ancient 
pre-Cambrian rocks. And now and again other evidences of 
organic life are found in the ancient schists and phyllites, e.g,y 
worm-burrows, sponge spicules, and traces of Algae or Proto- 
zoa. Geologists have succeeded in areas where there has been 
a relatively small degree of metamorphism in determining a 
general chronological successio* in the Archaean rocks. But 
in countries of repeated crust-disturbances and great regional 
metamorphism, the task is much more difficult and compli- 
cated, although it has frequently been attempted. Hicks 
(1877) distinguished in Wales and Scotland four divisions, 
Lewisian, Dmietian^ Arvofiian, and Pebidian; A. Nathorst, in 
Sweden, differentiated three formations, a Lower Dal forma- 
tion, a Middle Almesakra formation, and an"* V'^^ex'^Wisingsd 
formation. 

In the year 1892, Van Hise published an exhaustive 
account of the pre-Cambrian formation in North America, 
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which he sub-divided into two chief groups; the younger or 
Aigonkian (a term introduced hy Walcott from the flame of an 
Ittdian race) comprises the clastic or crystalline rocks imme- 
diately below the Cambrian system, while Ijie oldext^or A rc/ma/i 
group comprises the wholly crystalline and foliated basement 
complex of rocks. ^ 

The pre-Cambrian phyllites, schists, «and conglomerates of 
Brittany have been subjected to a close examination by 
Barrois (1S83-94), who^has greatly advanced the knowledge of 
the stratigraphy of that complicated area. Barrois discovered 
organic remains in the (juartzites, and Cayeux kientified them 
as Radiolaria and sponges. Rauff, on the other hand, 
regards these supposed fossil remains merely as mineral 
structures. 

Alpine geologists have, in the course of detailed gccjogical 
surveys, frequently been able to prove that gneissose and 
schistose areas of rocks which used to be regarded as pre- 
Cambrian represent metamorphosed portions of the younger 
formations. Even Cainozoic rocks have undergone complete 
metamorphisni in highly-disturbed Alpine regiolis. 

The insuperable difficulty with which geologists have to 
contend in their attempts to unravel the complicated strati- 
graphical relations of metamorphic rocks is that, in virtue of the 
changes they have undergone, any fossil remains which might 
originally have been contained in them have been nearly all 
altered beyond sure recognition. Then there is the other 
difficulty that not only the sedimentary series, but also the 
plutonic igneous masses and injected igneous rocks, when 
they undergo strong crust pressures, may be converted into 
foliated metamorphic rocks. Hence the only means of arriving 
at a just appreciation of the age and relationships of the meta- 
morphic rocks is, first, by careful cartographical survey and 
comparison of the stratigraphical relations subsisting between 
the several members of a metamorphic series and the sedi- 
mentary unaltered rocks; and second, by finer microscopic 
investigation of rock-specimens, taken from all grades of 
altered and unaltered rocks whose relations in the field have 
been fully investigated. 

Only after prolonged researches can geology hope to deter- 
mine how much of the crystalline metamorphic rocks really 
belongs to an Archaean and pre-Cambrian basement series, and 
how much is of later sedimentary or igneous origin. 
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B. Cambrian and Sibtrian System , — Almost contemporane- 
ously with ’Sedgwick’s and Murchison’s famous researches in 
European ai^sas, North Ameiican geologists Vere extending th^ 
knowledge oj* the va^t tracts of older Palaeozoic rocks in North 
America. 

Between iSi8 and 1832, A. Eaton published a series of 
pamphlets wherein he.^ erroneously compared the sedimentary 
deposits in* the east of the United States with the Mesozoic 
formations in Europe, Vanuxem in ^829 proved that the 
deposits in the east of the Uiiked States belonged exclusively 
to the “ Trapsitional ” series. In the following decade 
geological survey departments were established in several of 
the eastern and southern states, after the model of the British 
Geological Survey, and this gave a strong impulse to the 
development of Geology and Palaeontology in North America. 
In New York State, the official surveys were commenced in the 
year 1836, and the survey department was divided into four 
independent sections. The South-Western Section was placed 
under the direction of Lieutenant Mather, the North-Eastern 
under Professor Ebenezer Emmons, the Middle Section under 
Conrad, and the Western Section under Vanuxem, who had been 
trained in Paris. In 1837 Conrad retired from active field-work 
on account of his health, and devoted himself to palaeontologi- 
cal work. Vanuxem replaced him as director of the Middle 
Section, and J. Hall was given the Western Section. 

Emmons, in 1842, published the general results obtained in 
the North-Eastern district, which in a large measure is com- 
posed of crystalline plutonic masses, gneiss, and crystalline 
schists. Among the sedimentary deposits, the ‘‘transitional” 
series has the widest extension. Emmons applied local names 
to the several divisions, calling the main complex of Palaeozoic 
rock the “ New York System,’^’ and sub-dividing it into four 
members irrespective of European class ificatory groups — i, 
Champlain; 2, Ontario; 3, Helderberg; and 4, Erie Group. 
According to Emmons, the New York system was succeeded 
by the Old Red system, and rested upon the Taconic system. 
I'he latter reposed on the crystalline schists, and was said 
to consist of an unfossiliferous complex of slates, flagstones, 
limestone, and quartzite attaining a thickness of aboyt 25,000 
feet. The unfossiliferous complex was strongly contorted and 
disturbed, whereas the deposits of the New York system were 
almost horizontal 
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The report of Vanuxem, published in the same year (1842), 
took the same general standpoint as that of Emmons, but 
Yanuxem extended the name of New York system so as to 
include the Old Red Sandstone. Mathe^;(I843)pl his official 
report protested against the independence of the Taconic 
system, contending that it was a strongly n'tetamorphosed 
represenfative of the Champlain group.* In this vjew, Mather 
was supported by Hitchcock, Rogers, Dana, and J, Hall.^ 
Tire report by Hall ''(1843) gave an admirable exposition 
of the three upper divisions of the New York system. The 
subordinate groups proposed by Vanuxem an^ Conrad were 
for the most part accepted, and a few additional groups 
were introduced, so that the New York system (exclusive 
of the Old Red) was now sub-divided into twenty-nine 
groups. 

Hall made a comparison between the palmontological 
sequence in these groups and the sequence that had been 
worked out by Rlurchison and Sedgwick. P'or the five lower 
groups (from the Potsdam sandstone to the Trenton limestone) 
Plall could adduce no British equivalent ; tife Utica slates 
were compared with the Llandcilo slates (Lower Silurian) of 
Murchison ; the groups from the Hudson river beds and the 
Clinton gtoup were said to be equivalent with the Caradoc or 
Bala shales and flagstones; the groups from the Niagara beds 
to the Corniferous-Limestone group were compared with the 
Wenlock shales and limestones ; and the strata from the Mar- 
cellus and Hamilton groups to the Chemung group were 
regarded as the equivalent both of the uppermost or Ludlow 
division of the Silurian system and of the Devonian system. 
Each of Hall’s groups is very accurately characterised accord- 
ing to stratigraphical, lithological, and palseontological features. 
And as the strata in the area examined by Vanuxem and Hall 
follow almost everywhere in horizontal or gently inclined 
position without any appreciable tectonic disturbances, the 
sub-divisions erected by these geologists have undergone little 
subsequent modification. Some time later, Hall described 
in a series of handsomely-illustrated volumes the Palseozoic 

1 James Hail, born on the r2tli September iSii, at Hingliam in Massa- 
chusetts, received his scientific education at the Polytechnic School of 
Troy; in 1836, entered the Geological Survey Department of New Yoik 
State, and was afterwards Diiector of the Natural History Museum in 
Albany, tie died in his eighty-seventh year (1S98) in Albany. 
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fossils, not only of State New York but also of a large portion 
of North Afnerica. I 

ContempoTaneously with the investigations in New York 
State, the tw^ broth^s Rogers (cf. p. 304) were directing and 
participating in the survey of Pennsylvania and Virginia. 
There also it was found that the Palaeozoic deposits were 
exposed over wide areaB, and the stratigraphical succession was 
determined. But Edouard de Verneuil, who travelled in North 
America in the year 1846, was the firSt to institute a more 
detailed comparison between •'the relations of the American 
and the Europ-tan ‘‘Transitional” formation. Veineuil drew 
up a table of the parallel palaeontological horizons in the two 
regions, and established a line of division between the Silurian 
and the Devonian systems in North America. Some time 
later, J. J. Bigsby published a very exhaustive and lucid 
synopsis of the New York system in comparison with the 
parallel formations of Europe {Quart. Joium. Geo/. Soc., 
1858). 

The Taconic system continued to be ignored by the leading 
geological auth 5 rities in Noith America, notwithstanding that 
Emmons published a very able book on the subject in 1844, 
affording strong evidences of the wide extension of the 
Taconic system in the New England States, and its independ- 
ence of the Champlain group. In Washington County, more- 
over, the first Taconic fossils were discovered (two Trilobite 
species, Graptolites and Nereites), and proved to be quite 
different from any known Palaeozoic forms. Further dis- 
coveries of fossils followed, and these were described and 
figured by Emmons; he also traced t-he Taconic system in 
Pennsylvania, Virginia, and Georgia. But as Hall, Dana, 
Logan, and other geologists continued obstinate in their view 
regarding the identity of the jTaconic and the Champlain 
groups, a hot polemical discussion ensued and dragged itself 
through the following decades. 

In the year i860, the European authorities Barrande and 
Marcou began to take part in this discussion among the 
American geologists, supporting Emmons in his view that the 
Taconic system was an independent formation containing a 
primordial fauna. Marcou wrote a series of papers,- wherein 
he advocated that the term “ Taconic System ” should replace 
the disputed name of “Cambrian System” for the primordial 
group of rocks; that* the name of Cambrian System be 
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retained for the Lower Silurian of Flurchison ; and the term 
Silurian Svs/m t)e limited i-.to the Wcnlock afid Ludlow 
groups. IMarcou justly pointed out that all the fossils ascribed 
by Sedgwick and ALCoy as charactcristic^of Scdgrwick^s Upper 
Cambrian (Bala) scries were Lower Silurian fossils, whereas 
distinctive fossil-types had been found by Emmons in the 
'‘Taconic System, hence the latter t(*rm ought to 'be applied 
generally to primordial rocks containing that fauna. But 
Barrande had observed in 1851 in the British Survey 
Collection a fossil Trilobilo of primordial age, and Salter 
afterwards discovered the localities in Wales €^vhence certain 
pre-Silurian fossils were derived. The “Lingula” flags and 
shales of St David’s proved richly fossiliferous, and after these 
had been described by Salter and Hicks (1868), there could 
no longer be any question that there existed a distincti^i»c fauna 
in Sedgwick’s original “Cambrian Scries.” 

It is largely due to Lyell’s example that the name of “Cam- 
brian” was retained in the te.xt-books, at first usually as a 
sub-division of the Silurian system, but Anally as a system of 
equal rank with the Silurian. ** 

The Cambridge School continued until recently to teach, in 
accordance with Sedgwick’s views, that the limit between the 
Cambrian and Silurian systems was above the Bala beds. 
Lyell, in his Elements of Geology^ limited the Cambrian system 
to the lower and middle members of Sedgwick’s system, begin- 
ning with the Longmynd strata and ascending to the Tremadoc 
slates; and in 1888, at the International Congress in London, 
this limit was sanctioned and has since been almost universally 
adopted. 

In the year 1879, Lapworth proposed the designation Ordo- 
vician for the complex of strata which had been variously 
termed Lower Silurian or Upper Cambrian. Lapworth’s de- 
tailed research and intimate knowledge of the group led him 
to the opinion that it should be ranked as an independent 
system, as it was distinguished from the rocks above and 
below, not only by the occurrence of distinct fossil types but 
likewise by the intercalation of lavas, tuffs, and ashes amidst 
its sedimentary series. The Ordovician system has been sub- 
divided *137 Lapworth upon palaeontological grounds into a 
Lower Ordovician or Arenig series, a Middle Ordovician or 
Llandeilo series, and an Upper Ordovician or Bala series. 

A renewed investigation of Emmons’^ district in the United 
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States was undertaken by C. D. Walcott, whose results 
showed that, as Emmons had cj>ntended, the Taconic system 
was a well-cfeveloped complex of 'strata b*elow the Potsdam 
Sandstone, agd contsyning an exclusively primordial fauna. 

Walcott- then went to survey in the Far ^Vest, where 
Gilbert and Plague had described Cambrian deposits in the 
Eureka distiict of Nevada. In several important publications 
(1884-90) Walcott has elucidated with full details the exten- 
sion, lithological character, stratigra^ical relations, sub- 
divisions, and fauna of theo Cambrian system in North 
America. « 

The “Transitional Rocks” in the vicinity of Prague had 
very early attracted the attention of collectors and geologists 
on account of the profuse abundance of fossils, and these had 
been rryide the subject of palaeontological memoirs by Born, 
Count Sternberg, Beyrich, Emmrich, Corda, and others. The 
first geological work of note in this district was accomplished 
by Joachim Barrande.^ By his life’s devotion to the cause of 
research, this quiet, retiring geologist made Bohemia classic 
ground for the study of the oldest fossiliferous formations. 

In the year 1846 Barrande published a short account of the 
Bohemian Silurian basin. He^ described its structure as con- 
sisting of a number of stages {JLiages)^ which he designated by 
the letters A to G. The succession, stratigraphical position, 
and the fossil contents were determined with the utmost pre- 
cision, and a comparison was instituted between the Bohemian 

^ Joachim Barrande, born on the nth August 1799, in Sangues (Haute 
Loire), was educated in Paris, and intended to be an engineer, but left Paris 
in 1820 with the banished Royal Family of France, following them at first to 
England and Scotland, and then to Bohemia. In the year 1831 he 
became tutor to Prince Henry of Chambord, with whom he continued in 
intimate relations all his life as the administratoi of the Prince’s properly. 
After lelinquishing his post of tutot^ Barrande devoted himself to the 
geological and palaeontological investigation of the Silurian basis of Bo- 
hemia. He acquired an unrivalied collection of fossils: no trouble was 
spared to secure the spoils of the rocks : quarries were opened, workmen 
engaged, collectors kept constantly occupied and carefiiUy trained, until 
Barrande’s collection in Prague became the admiration of the geological 
world. His private life was uneventful. He lived quietly and simply, 
and the only interruption to his monotonous existence was when he under- 
took some longer journey for the sake of comparing his fossiis and his 
stratigraphical results. He had condderalde private means, which he 
almost entirely sacrificed to his scientific requirements. He died in 
October 1883, at Count Chambord’s estate of Frohsdorf. Barrande 
bequeathed his valuable fossil collection to the Bohemian Museum. 
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aiitl file British Silurian deposits. This preliminary work was 
folliiwai in iiic ye.%t 1852 by first volume of his great work 
«i the Silurian system in Bohemia, a work which stands 
almost unrivalled in palscontological iitera^iire. IJi'om the year 
3852 to the year of his death, 1883, Barrande continued the 
work and produced twenty-two thick quarto volumes with 
1, 160 w1:)nderfu!!y prepared plates depicting the complete 
fainm of the Silurian basin in Bohemia. He 'bequeathed 
means in order that th% work should be continued to the end. 

A geological Introduction m the first volume gives a very 
careful description of the geology of the area^ According to 
Barrande, the stages A and B are “Azoic,” and comprise at 
the base crystalline schists reposing on granite and gneiss, and 
above the schists, unfossiliferous greywackes, slates, and shales. 
Stage C contains the oldest (Cambrian)- “ Primordial /auna,” 
wherein peculiar Trilobite genera predominate. Stage I) con- 
tains the second distinct fauna, the equivalent of the Lower 
Silurian fauna in the Llandeilo and Caradoc series of Wales, 
the Champlain group of North America, the Orthoceras Lime- 
stone of Sweden and Esthland. 

While these horizons, A to D, are chiefly greywackes and 
shales, the higher stages, E to G, are pre-eminently calcareous. 
Stage E is distinguished by an exceptionally rich fauna, 
identical with the Wenlock fauna in the British area. Stages 
F and G are calcareous, stage H comprises soft shales; in these 
three stages Cephalopod and fish remains are the most frequent 
fossils. For this fauna Barrande could not find any equivalent 
in the palaeontological sequence of the British Silurian deposits, 
but he assigned the whole complex E to H to Upper Silurian, 
and regarded it as a third distinct fauna in the palasontological 
development. 

While Barrande recognised the fundamental agreement 
between the Silurian horizons determined by him in Bohemia 
and those already observed in other areas, he remarked on the 
occurrence of what appeared to be in a measure antecedent 
“Colonies” of organisms. He found that not infrequently 
rock-layers containing accumulations of organic types like those 
of the next higher stage were imbedded in the lower stage; 
and Barrande explained these “Colonies” by the influx of 
organisms from certain neighbouring districts in which the 
fauna had already reached another phase of development. 

Barrande’s explanation of the “ Colonies ” was contested by 
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several geologists, amongst others by Krejci, Lipoid, Marr, 
Lapworth, and a controversy began which continued from 
1859 to 188 A The contention *of ‘Barrancfe’s opponents wa^ 
that the colonies had been brought into their apparently 
paradoxical position'*‘by tectonic disturbances of the rocks, 
whereby certain layers of rock had been sliced and fragmented, 
and slices of them had been carried into new positions during 
the crust-mcfvements. Several geologists differed from Barrande 
about the age which he had ascribed to Some of the Bohemitin 
deposits. Marr thought the A^oic stage B of Barrande repre- 
sented a Camljfian deposit, and Emmanuel Kayser, judging 
from his own study of the oldest Devonian deposits in the Harz 
mountains, thought Barrande^s stages F, G, and H were not of 
Upper wSilurian age, but belonged to the Devonian system. 
The Harz fossils, which had been described by Beyrich and 
Lessen as a “Hercynian stage, closely resembled these fossils 
in the upper horizons of the Silurian series in Bohemia, and 
Kayser removed this fauna altogether from the Silurian 
sequence and described it as Lowest Devonian. Many of 
the best authorities on Palaeozoic faunas have subsequently 
corroborated Kayser regarding the Devonian type of the fauna 
in Barrande’s higher stages. 

The Silurian system in Sweden was sub-divided palaeonto- 
logically by Angelin in 1854 into eight groups, the lowest of 
which he called Regio I. Fucoidarum, and the succeeding 
seven stages also received distinctive names according to the 
typical Trilobite genus. All the Trilobite genera occurring in 
Sweden were described in Angelin’s works (1852 and 1854). 
The more recent memoirs by Lindstrom, Linnarson, Nathorst, 
Tullberg, and Holm have .supplemented and improved 
Angelin’s researches. 

The Norwegian Palaeozoic deposits, described in the early 
years of the nineteenth century by Leopold von Buch, as 
well as by Hausmann and Keilhau, were revised by Kjerulf 
(1855-57) and arranged in paleontological sequence after the 
model of the British “ Silurian ” district. Newer memoirs have 
been contributed by Broegger (1882) and Kiar (1897). 

The Paleozoic deposits in the Baltic Sea provinces of Russia 
were first examined by Strangways (1819), and were njade the 
subject of special researches by Pander and Kutorga. Murchi- 
son recognised Silurian and Devonian strata during his visit to 
that area, and Pander afterwards gave excellent descriptions of 
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Ibe ‘‘Conodonts” in the Cambrian glauconitic sands and the 
fish remains in the Old Red S^mdstone of Livland. F. Schmidt 
i^Tote a monograpft of the* Silurian Trilobites in ^his area, and 
afterwards contributed a masterly exposition of the Silurian 
rocks in the Baltic area, dividing them into a palasontologicai 
sequence which is unsurpassed in the accura(?-y of its detail 
(i 88 i~ 94 ). Several important memoijp by Stache have de- 
monstrated the presence of Silurian deposits ifi the Alps, 
with much wider extefision than had previously been surmised. 

C. Devonian Systeni . — While the con troversji. about the Cam- 
brian and Silurian systems was still engaging the attention of 
British geologists, the Continental geologists were applying them- 
selves with vigour to the elucidation of the ‘‘Transitional Rocks 
in accordance with the new insight which Murchison’s ^writings 
had shed upon the Palaeozoic succession. Friedrich Roemer 
endeavoured to ariive at some clearer comprehension of the 
stratigraphical rclatic.is in the Harz mountains by a strict 
palaeontological method. In 1843 published a monograph 
on the fossils of the Harz mountains. Beginning his observa- 
tions at the north-western area of the Harz, he explained the 
I berg limestone, the Rammelsberg shales, and succeeding 
strata as Devonian ; the Harzburg and Osterode greenstone, 
together with the surrounding strata and the limestone mass of 
Elbingerode, as Upper Silurian; the adjoining strata on the 
east and as far as iVndreasberg as Lower Silurian ; and the 
whole of the mountain-system farther east as Cambrian. 

Roemer added in subsequent memoirs several valuable con- 
tributions to the palxontological data of the Harz, and verified 
his geneial statement of the stratigraphy by further details. 

' As early as 1837, Beyrich had published a number of 
observations on the fossils of the Eifel, Paffrath, and Nassau 
limestone. He pointed out their differences from those of the 
Carboniferous limestone, and showed that the larger portion of 
the greywacke in the Rhine provinces is older than the lime- 
stone of the Eifel and in Nassau, but that above the Nassau 
limestone thereRis a thick development of grcywackes and 
slates ^^ith PosidOumrqa Bec'hcri, whose fossils agree with 
those o£ the Upper quartz schists in the Liegc province. 

The Palmozoic formations of the Rhineland were made the 
subject of an important monograph by Ferdinand Roemer in 
1844. This geologist divided the “liransitional Series” into 
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two main groups ; (i) Older argillaceous and arenaceous grey- 
wacke; (2) younger calcareous ^jrmations. • Whereas Murchi- 
son, Sedgwick, and Dumont had regaided the older greywaclfh 
complex as ^lurian, ^^oemer referred it to the Devonian epoch 
and identified it with the Teiiam Ardoisicr and the lowest 
division of thC Terrain Anthraxifere of Dumont. Thje fossili- 
feious limestones of the Eifel, Aachen, Bensberg, Elberfeld, 
and adjacent areas were identified by |loemer with the lower 
limestone group of the Terrain Anthraxifeie, and the lime- 
stones in Devonshire and Cornwall. He distinguished as an 
up^er member •of the group Anthraxifere certain fine shales 
and greywackes (Lenne shales), between Elberfeld and the 
Sieg and from Iserlohn to Waldeck, which Murchison had 
referred to the Silurian. 

The JPalseozoic formations in Nassau, which Murchison and 
Sedgwick had ascribed to Silurian and Devonian epochs, were 
afterwards determined by Beyrich and Roenier to be exclusively 
Devonian. The brothers Guido and Fridolin von Sandberger 
made a special study of the district, and in 1847 comprised 
the strata und'^r the term “Rhenish System.’^ They sub- 
divided the system into three groups — a lower complex of 
greywacke, Taunus shales, and Wissenbach slates ; a middle 
complex of Stringocephalus limestone, dolomite, and Cypridina 
shales ; an upper complex of Posidonomya shales. The fossils 
of the Rhenish system were admirably described by the 
brothers Sandberger in a monograph published from 1850 to 
1856. 

The works contributed by Dumont and Gosselet on the 
Palaeozoic rocks in Belgium provided a thorough groundwork 
of research in that area. Dumont in 1848 sub-divided the 
Terrain Ardennais into three groups — Devillien, Revinien, and 
Salmien ; similarly, the Terrain fRhenan into three groups — 
Gedinnien, Coblentzien, and Ahrien ; and the Terrain Anthrax- 
ifbre above the Terrain Rhenan into three groups — Eifelien, 
Condrusien, and Houiller. Dumont took little trouble to draw 
a comparison between these sub-divisions which he erected for 
the Belgian area and the palaeontological groups which had 
been determined in other countries. He was strongly of 
opinion that the same fauna never extends over th^ whole 
earth, that there had in all epochs been definite geographical 
kingdoms of plants and animals, and that consequently the 
fossil contents of rocl« could only be used with extreme 
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caution as a basis of establishing a parallel between rocks in 
distant areas. • § 

• A\lthough Dumont’s claWiilcation was based wholly upon 
tile ehauietris displayed b} the siirecbsijii in Belgium, it is 
ne\i iLlieles.s t v eileiuly airangcd both stratigraphicaliy and 
hllKdogieally. Do Koninck and Muichison allot wauls tried 
to Ining his elassiftcation into harmtxiiy with that of (Ireat 
llgtaiti atitl the neit^iboiiiing districts of (Icrmany. They 
lelegated the whole of the I'errain Aidcnnais as well as the 
Gedinnien group into the Siluiian system, and the Coblentzien, 
Ahrien, Ihfeiien, and the lower part of the Coniriisien, into the 
Devonian system. Subsequently, Gosselet has carried out a 
series of studies extending over thidy years on the Palocozoic 
deposits of Belgium and the Aidcnncs, and has elucidated the 
palaeontological and stratigraphical relations of the with 
admirable c'are and accuracy. 

Thc Devonian deposits in Ihittany and the lower Loire 
district have been examined by Barrois and Oehlort, while 
the richly fossiliferoiis neighbourhood of Cabrieres, near Mont- 
pellier, has been the subject of several ablc*palreontological 
monographs by Fournct, Koenen, Freeh, De Rouville, and 
others. The Spanish Devonian deposits have been described 
by Verneuil, Casiano da Prado, Schulz, and Barrois; while 
the Devonian occurrences in the eastern Alps have been eluci- 
dated by Hoernes, Benecke, and Freeh. 

D. Carho 7 iife 7 ’ 0 %is System . — Less difficulty is offered in the 
classification of the Carboniferous system than in that of the 
three oldest Pateozoic systems of which Freeh has given an 
exhaustive account in the Lethcea PalcBozoica (1897). As far 
back as 1808, D’Omalius d’Halloy comprised the Belgian Car- 
boniferous limestone as a leaver group, and the sandstones, 
shales, and seams as an upper group under the name of 
Terrain hitmnmifh'e or Honiller. In 1S22 Conybeare and 
Phillips included Carboniferous limestones, the millstone grit 
and coal measures in the Carboniferous system, but they also 
placed in it the Old Red Sandstone as a lower sub-division. 
Murchison and Sedgwick in 1839 transferred the Old Red 
Sandstcfiie into the Devonian, and recognised in the so-called 
Culm shales of Devonshire, and in the shales with Posidonomya 
Becheri in Germany, an arenaceous and argillaceous littoral 
equivalent of the Carboniferous limestone. The sub-division 
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of the Carboniferous system into two main groups, in the way 
that had been proposed by D’Or|j.alius d’Hailoy, was almost uni- 
versally accepted, and on the suggestion of Dechen the upper 
group was vgry oftei:^ called the Productive Coal-formation, 

With the fauna and palceontological sub-division of the 
Carboniferous limestone De Koninek occupied himself for 
more than fifty years.r His monographs of the fos*sil fauna 
of the Befgian Carboniferous limestone (1842-44), together 
with MacCoy’s work (1844) on the fifssils of the Irish Car- 
boniferous limestone, and the* somewhat older monograph by 
J. Phillips (1831^) on the Yorkshire Carboniferous limestone, are 
still the basis of all European research on the faunas of the 
Carboniferous limestone. De Koninck began a revision of 
the Belgian fauna (1878-88), but unfortunately this handsomely 
illustr2tf:ed work was not completed. In his first monograph 
De Koninck drew attention to the difference of the faunas at 
Tournay and Visd, and thought it might be explained on the 
assumption that they had belonged to two separate basins of 
deposition. Afterwards he ascribed the limestone of Yis 6 to a 
slightly earlier period than that of Tournay, whereas Dumont 
had in 1830 supposed the strata of Tournay to be the older 
group. 

Gosselet in i860 distinguished three divisions of the lime- 
stone: a Lower group, with Spirifer Tornacensis as the leading 
fossil type; a Middle group, with Spirifer cuspidatus and 
Goniailies spJmroidalis as the typical fossils ; and an Upper 
group, with Froductus giganieus and undaius as the typical 
fossils. The paleontological researches of Dupont (1865-71) 
have confirmed Dumont’s view regarding the relative age of the 
Carboniferous limestone at Vise and at Tournay, showing that 
the Tournay limestone is the older. 

In England, Phillips had sub-divided the Carboniferous lime- 
stone of Yorkshire into three groups : (a) a Lower series of 
Lmestone Shales or Sandstones; (p) a Middle series, represented 
by the Moimiain Limestone^ 2000 feet thick, and containing a 
rich marine fauna; and if) an Upper series, called the Yoredale 
Feds of limestones, shales and sandstones, and occasional local 
coal-seams. In the Harz, in Thuringia, in the Fichtel moun- 
tains, the Sudeten mountains, and in the Rhine provinces, the 
Carboniferous limestone division is almost wholly represented 
by the mixed Culm facies of shales, greywackes, flagstones, and 
thin beds of limestone.* 
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In the Eastern Alps true Carboniferous limestone was 
determined in Carjnthia by Ijtuch in 1824, but only received 
the vague name of ‘‘Tratfsitional Limestone,’' i)e Koninck 
desciibed the fauna of this limestone ii^ 1873. ^ In the Gail 
Valley and other localities of the Carnic Alps, the massive 
limestone is succeeded by dark shales and thimbeds of lime- 
stone, wliertiin I'ietze and Stache (1^72) demonstrated the 
pr«;scncc of fossil Foraminifera (f'usiiiina) in great ^abundance. 
The significance of tlfis discovery was not fully realised until 
a few years later, when it was found that iii Russia the true 
Carboniferous limestone with Productus gigmiteiis is succeeded 
in the EIoscow basin by limestones with Spirifir Mosquensis^ 
and these are succeeded by a massive complex of strata com- 
prising, both in the Ural and in the Donetz basins, coahseams 
interbedded with massive Fusuliiia limestones. Fr^m the 
palaeontological contents of this younger series in the Russian 
basins of deposition, V. von IMoller concluded in the year 1875 
that it was the equivalent of the Productive Coal-formation in 
Western PFirope. Thus it was demonstrated that the Carbon- 
iferous system contained a definite palceontological sequence 
of extensive distribution. 

In North America the Carboniferous formation has a wide 
surface outcrop, and as a rule consists of a Lower marine 
division (Sub-Carboniferous group) and an Upper productive 
division with coal-seams (Coal Measures). But in the Western 
States, especially in Illinois, Nebraska, and Missouri, beds of 
Fusulina limestone frequently replace the productive deposits 
or occur in alternation with them. 

The Productive formation of the Carboniferous system has, 
on account of the great commercial value of the coal-seams, 
been examined in the very greatest detail not only in European 
lands but in all parts of the \^orld. Survey maps of the coal- 
seams have been prepared on the largest scale, and afford 
evidence of the manifold diversity in the stratigraphical rela- 
tions of the sandstone, conglomerates, shales, and coal-seams, 
and of the repeated tectonic disturbances to which in many 
districts these strata have been subjected since their original 
deposition as horizontal sheets of deposit. 

In Garmany the Saar basin has been mapped by Von 
Dechen and Nasse, the Westphalian Coal-formation by Lottner 
(1868), and the Carboniferous deposits in the Halle district 
have been surveyed and described ^by Laspeyres (1875). 
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Ferdinand Rocmer in 1870 gave an accurate description of the 
coalfields in Upper Silesia, and in 1882 Schiitze published an 
account of <the Lower Silesian^anti Bohemian Coal deposits. 
The Saxony district was examined by H. B. Geinitz (1856), 
who tried to determine two palaeontologically distinct zones in 
the Productive formation, a lower zone exhibiting chiefly 
Sigillarian remains, ai>d an upper with Calamites and ferns in 
greater prdfusion. A similar sub-division was attempted by 
E. Weiss for the Coal Measures ot the Saar basin, ^nd 
Schiitze and Stur also recognised sub-divisions of the Coal 
Measures in Hungarian distiicts But these sub-divisions can 
at the most have a local value ; geologists agree that the fossil 
flora of the Coal Measures cannot admit of any general 
palaeontological sub-division, as it presents a remarkably 
uniforga character throughout all parts of the world. 

E. JPermtan System . — The youngest system of the Palceozoic 
Epoch has played a noteworthy part in the history of Strati- 
graphy. The industrial importance of the copper slate and 
the metalliferous “Zechstein” group in Germany secured it 
the attention of mineralogists for many centuries. The copper- 
bearing deposits and the Coal Measures formed the chief 
kernel of Werner’s Flotz formations {a 7 ite, p. 58), and were 
selected by the earliest German stratigraphers, Lehmann and 
Fiichsel, for extended held examination. The recognition by 
these stratigraphers of a definite series of lithological sub- 
divisions, together with their representation of the field- 
outcrop of these sub-divisions upon good maps may be 
regarded as the starting-point in Germany of the present 
methods in stratigraphical research. Fiichsel and Lehmann 
tabulated the complete succession of the rocks now known as 
Permian, from the Red Underlyer or basal series of coarse 
conglomerates, shales, and sandstones, to the uppermost beds 
of limestone, dolomite, and marls in the ‘‘Zechstein” or 
mine-stone series. At that time the Zechstein series of Central 
Germany w^as not unnaturally confused with the stupendous 
masses of limestone, dolomite, and interbedded marls in the 
Alps and Jura mountains, and the apparent lithological 
resemblance of the series was the source of the •mistaken 
conception held by early Alpine geologists regarding the age 
of the so-called “Alpine limestone” and “Jura limestone.” 

In England, Conybeare and Phillips identified quite 
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correctly the geological age of the Magnesian limestone and 
the Red Conglomerates of Devonshire with the Thuringian 
Zochstein group and the Red Ijnderlyer series respectively. 

Frciesleben, in 1S07, gave an excellent s}^stematic description 
of all the sedimentary rocks of Thuringia between the Red 
Underlyer and the [Muschelkalk, comprising,* the whole 
succession under the name of Kujyfersdg\fer (Copper 

Slate Series)* D’Omalius ddlalloy in iSoS termed the same 
coniplex Terrain intending to give expression to the 

paucity of fossils in the rocks,. Afterwards, in the second 
edition of hh Elemenie dcr Geologic (1834), D’OqjAlius d’Halloy 
confined the term ‘^Terrain Penden” to the Red Underlyer, 
Copper Slates, and Zechstein groups, and transferred the 
Bunter Sandstones with the Muschclkalk and Kcuper series to 
the Trias^ a designation for these three younger formations 
which had been introduced by Alberti. 

In 1841, Murchison revealed the fact that a diverse 
lithological series of rocks, identical in age with the Red 
Underlyer and Zechstein, covered vast areas in the province of 
Perm and in the Eastern region of European Russia, and said 
Russia must be regarded as the typical district for these 
formations. He therefore proposed to give to the formations 
in question the name of Permian System^ and classified the 
system as the youngest member of the Palaeozoic succession. 
This name rapidly displaced D’Halloy’s designation of Terrain 
Penmen, all the more as Geinitz and Gutbier, in their admirable 
monograph (1848-49) on the fossils of the German Zechstein 
and Red Underlyer, strongly recommended the name of 
“ Permian System,” On the other hand, Marcou objected to the 
name proposed by Murchison, on the plea that many of the 
geological sections of the Russian area were inaccurate, and 
that the rocks which Murchison had there ascribed to the 
Permian system were frequently of Lower Triassic age. 

Jules Marcou recognised in 1853, for the first time, the 
Permian age of a series of dolomitic limestones, marls, shales, 
and conglomerates covering a large territory between the 
Mississippi and the Rio Colorado. The presence of the same 
complex was afterwards determined by Shumard (1858) in 
New Mexico; by Meek, Swallow, and Hawn in Kansas; by 
Worthen in Illinois, Missouri, and Nebraska; by Cope and 
White in Texas. Marcou observed two well-marked divisions 
in the American series just as in tl>e European, and he 
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therefore suggested the name of Dyassic as a more suitable 
general term than Murchison’s name derived from the Perm 
province, fie further proposed ^o assooiate the Dyas and 
Trias as members of one great period in the geologidkl 
succession, tqual iw' rank with the next older Silurian and 
Devonian or greywacke period, and with the next younger 
Jurassic and “ Cretaceous period. H. B. Geinitz jji86i'62) 
adopted Marcou’s term of Dyas for the Permian system, and 
at the present day both names ar^ usually given in *the 
text-books. 

The Dyassic deposits in the Saar and Rhenish district were 
investigated i 1 ^ detail by E. Weiss (1869-72), who proved 
the palasontological identity of^the Fish, Amphibian, and 
Plant remains in the Lebach strata of the Saar basin with the 
Red Underlyer series in Lower Silesia and Bohemia, and 
transferred the Cuseler strata below the plant-bearing series 
from the Carboniferous system with which they had been 
erroneously included to the Dyassic system. Weiss also 
pointed out as important features of distinction that the 
lowest beds of the Red Underlyer or Lower Dyas occasionally, 
contained workable coal-seams, and that the upper beds of 
the Lower Dyas were interbedded with thick flows of eruptive 
rocks (porphyry, porphyiite, melaphyre, etc.). Similar features 
were determined by the geologists of the Prussian Survey 
Department in the Harz, in Thuringia, and in Silesia, and by 
Credner and Sterzel in Saxony. 

The structure and composition of the Copper Slate and 
Zechstein group, or Upper Dyas, had been so exhaustively 
treated by Lehmann, Fiichsel, and Freiesleben that little 
remained to be added by recent research. From the 
predominance of fossil fishes and plant remains in the copper 
slates, and the frequent intercalation of thick deposits of 
salt between more ‘ calcareodfe fossiliferous portions of the 
Zechstein, the Upper Dyas of Central Europe is assumed 
to have taken origin in large inland seas, occasionally subject 
to periods of desiccation. 

In the Central French plateau, the development of the 
Permian rocks is very similar to that in the Saar basin. 
The English deposits correspond more to the Thuringian 
development, and consist of the Red Underlyer grolip (locally 
called '‘Lower New Red Sandstones”), bituminous shales, 
Magnesian limestone, dolomite, marls, and gypsum. An 
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iiiiporlant monograph of the fossils in the ^Magnesian limestone 
was published in 1H50 by W. King. 

Whereas in the# above-preiitioncd districts tfee Permian 
s}*Stem appears to be composed of two well-defined members 
with distinctive lithological characiei'fstics faunas, 

Kmpinsky madtj tlui obsiUTation in 1874, in the Ural 
moimlains, that the Upper (barbonifcioiis Fusulina limestones 
were c'onlormably siua'cedctl by a sandy Snd marly Cioal-bearing 
groiip of strata conlai|^ing a rich marine fauna, tiansitionai 
between the Uarlmniferous and Permian system. Tliere were 
fossil tyi^es identical with Carboniferous S2)ecies, others 
identicai with Permian species, and still other^ that had not 
been previously found and^nvere apparently peculiar to this 
group. Karpinsky therefore viewed this ^‘Artinsk Etage'^ as a 
transitional group of strata between Carboniferous and Permian 
deposits. Russian gecdogists have proved its extension 
almost from the Arctic Ocean to the Caspian Sea, and 
frequently distinguish it as Permo-Carboniferous. 

The marine fauna of the “ Artinsk” group has also been 
^identified in the Tinian district of Petschora laiid, near Djulfa 
in Armenia, in Nebraska, and in the Salt Range of the Punjab 
district in India, where it occurs in the Lower and Middle 
Productus Limestone, and is succeeded by a young Permian 
fauna (Upper Productus Limestone). The fauna of the 
Indian Productus Limestones has been made the subject 
of an admirable woik by Waagen, published in the 
Judica (1879-818). 

In 1882, Fusulina I ime.'^tone of Permian x\ge with a richly 
diversified fauna was found in the Sofio Valley in Sicily, The 
fauna has been dcsciibed by Gemmellaro, and appears to 
correspond in age with that of the “ Artinsk group Freeh 
referred the Fusulina limestones of the Carinthian Alps to 
Upper Carboniferous age; whrrcas Schellwien showed that 
the pale Fusulina limestones of Carniola contain a Permo- 
Carboniferous fauna. 

In the Alps, the reddish Groden Sandstones and Verrucano 
Conglomerates were demonstrated by Suess (1868), upon the 
evidence of fossil plant-remains, to be the equivalent of the 
Lower Dyas or Red Underlyer series. In the Venetian Alps 
and near Neumarkt, the Groden Sandstones are succeeded by 
a series of interbedded dolomite, rauchwacke, and gypsiferous 
shales, which, according to Giimbel, are of the age of the 
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German Copper Slate. The uppermost member in the 
Alpine succession is a bituminous marine limestone known as 
Beileroph«>nkalk^'^ from the tlarge number of Belleroph^n 
species contained in it The fauna has a fairly diversified 
pelagic character, But G. Stache in his memoir on the 
Bellerophon limestone {Jalirb. k, k. geoL Reichs.^ 1887-88) 
sho\ved that there were several species common to 4 t and to 
the Zechstein of the German area. 

A striking facies of the youngest Ftl^ozoic and the oldest 
Mesozoic deposits occurs in Central and Southern India. 
Instead of the marine strata present in the Punjab, the 
deposits south of the Narbada river are of fresh- water 
origin, and comprise Conglomerates, Sandstones, and Car- 
bonaceous shales. They were for the first time examined in 
detail near Talchir by the brothers Blanford (1856) and 
Theobald, and these geologists sub-divided the deposits into 
four palaeontological groups (Nagpore, Talchir, Damuda, and 
Mahedewa groups). The lower divisions were placed in the 
Upper Permian formation, and the upper divisions were 
assigned to tli^ lower Trias. The Talchir group consists of * 
conglomerates with very large boulders and striated surfaces, 
and W. T. Blanford argued from this and other evidences that 
the boulders had been transported to their present position by 
means of icebergs, and that consequently there must have 
been an ice age during the latest Permian eras. 

The whole complex of Permo-Triassic fresh-\vater strata, 
about 6000-7000 metres in thickness, received the name of 
Gondwana System from Medlicott, and according to the latest 
investigations, the lower members, including the Talchir and 
Damuda groups, are of Permian age, the “ Panchet Series ” is 
probably Triassic wholly or in part, and the upper horizons 
apparently represent a considerable portion of the Jurassic 
deposits. The lower member! are especially subject to local 
variations, and the Talchir conglomerates repose unconformably 
upon different horizons of the older rocks. 

The Kahabari, Damuda, and Panchet groups present inter- 
calated coal-seams accompanied by fossil plants, amongst 
which the genera Glossopteris and Gangamopteris abound. The 
rich flora and the occurrence of remains of Vertebrates (Stego- 
cephali and Anomodontia, cf. p. 417) give a distinctive 
impress to those groups, and render it difficult to find a com- 
parison with European^ developments. Nevertheless, the com- 
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plcte absence of true Carboniferous plant-types indicate Aat 
the Gondwana Coal-measures are younger than_ the Car- 
boniferous epoch, a'nd, on the ftther hand, the superincumbent 
strata of the Gondwana system contain Triassic plaiit-remains, 
hence the Glossopteris series in which the coal-seams occur 
are thought to be of Permian or possibly Permo-Triassic age. 

Asvstetn resembling the Gondwana sy|tem of Southern India 
is present in South Australia, in South and East lUnca, and 
in 'Brazil; littoral and fluviatile sandstones, conglomerates, 
shales, and locally well-develop.ed Coal-measures form_ m all 
those localities the concluding group m the lateozoic sue- 


CCSSlOlTi* 

The similarity in the character of the deposits has suggested 
to geologists the idea that these areas may at that epoch have 
been connected with one another as the broken coast-line ot 
some southern ancient continent, and this whole region ot 
Permian coal-bearing deposits is sometimes r^erred to col- 
lectively for convenience as “Gondwana Land. Quite recently 
a Glossopteris was found in the Russian Permian formation, and 
•this discovery affords an important link m the comparison 
between the Russian facies and the facies of Gondwana Land. 
In South Africa, the Gondwana system consists of con- 
glomerates, clays, and sandstones, and m the^ Permian 
species of Glossopteris have also been identified. This system 
rests unconformably upon Carboniferous rocks and is itself 
unconformably succeeded by shales, which pass upwards into 
the Karroo beds. The identification by Amalitzky of 
Anthracosias at the base of the Rarroo beds . 

general assumption that the mam body of the Rarroo beds 

The intimate connection of the Permian system^ wkh the 
Trias in the Southern Hemisphere, in India, and m_ Russia, 
appeared to confirm the vievfs of Conybeare, who in 1832 
had associated the Magnesian Limestone with the Red Con- 
glomerates and the Bunter Sandstone a united 
group. Brongniart applied the name Foikihtic only to the 
Bunter Sandsfones; Buckland, in his ideal section of the 
earth’s crust, combined the Permian and Tnassic succession and 
termed it “Poikilitic System.” Marcou (1859), John Phfihps 
(1871), and the English Committee of the International^ Con- 
gress of Geologists in London (1888), supported the union of 
the Dyas and Trias into one group,, to be placed in the 
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Mesozoic epoch. But in North America and on the Com 
tinent there has been an adverse current. The near relation- 
ship of the^fiioras and faunas ?)f the Perftiian deposits wit;Ji 
those of the Carboii^ferous seemed to make it injudicious to 
draw any sudi sh&:rp line of division at the conclusion of the 
Carboniferouss^period as would be indicated if the Permian 
rocks were transferred«,to Mesozoic time. And so close had 
the relationship between the Permian and Carboniferous 
systems appeared, that A. de Lappa?ent, in the first t\vo 
editions of his admirable Tex,t-book of Geology, had united 
them under th%name of “ Permo-Carboniferous System.’’ 

F. The Triassic System . — The fossils preserved in the older 
horizons of the Triassic system in Western and Southern 
Europe afford evidence that the plants and animals which 
flourished and abounded in these areas during Permian and 
earlier epochs had largely given place to new forms of life. 
European geologists therefore sought to give expression to 
local disconuities of the palaeontological chain by regarding the 
Triassic system as the first of a Mesozoic epoch, when the 
characteristic forms of life were intermediate between the 
faunas and floras of the very ancient or Palaeozoic epochs and 
the younger or Cainozoic epochs. The Mesozoic epoch is sub- 
divided into three systems or formations * Triassic, Jurassic, 
and Cretaceous. 

In the eighteenth century, Lehmann and Fuchsel recog- 
nised in Thuringia the Bunter (or variegated) Sandstone and 
Muschelkalk (or shell limestone) as independent members of 
the Flotz series, and had separated them from the Red Under- 
Iyer and Zechstein. The characteristic fossils of the Thur- 
ingian Muschelkalk are admirably described and figured in 
Schlotheim’s NachtrUge %ur PetrefakUnkii^ide (1823). Never- 
theless, there was for a long time great insecurity in Germany 
regarding the Bunter Sandstone and the limestone above it, 
as many geologists, even such travelled observers as Leon- 
hard, Charpentier, and Voltz, confused the Bunter Sandstone 
with the North German Underlyer, and the grey limestone or 
Muschelkalk with the Zechstein, 

Peter Merian, in his first treatise (1821) on the geology of 
the neighbourhood of Bile, was uncertain about the strati- 
graphical position of the Bunter Sandstone, but showed that 
this horizon of rock w^s succeeded both in the Vosges and in 
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the Black Forest by grey limestone with uneven surfaces and 
extremely rich in Telebratulas and Lamelhbranchs, and that 
the fossiliferous lirfiestone waS succeeded by vari'Sgated marls 
with interbedded layers of sandstone and g;^-psum. But 
although Merian quite accurately described the strata which 
were afterwards recognised to be Muschelkalk-and ^s'lpe , 
the snecMl paleontological literature rps scarcelypufficien ly 
advanced to permit of his ideiitilication_ of the f 
rocks, and he regardod'thcm both as equivalents of the Jura 

*'"ln Nonh Germany, Hausmann (1824) and Uloffraann (1S23 
and 1830) elucidated with praiseworthy accuracy the strati- 
graphical relations of the Bunter Sandstone, Muschelka k and 
the superposed marls and clays with each other and with the 
lower formation of tlic Zechstein and the Red Unduly cj. 

About the same time, in 1825, the relations of the senes ■ 
were explained in the Upper Rhine district by three geologists 
who made a Journey together— Oeynhausen, Ue^cn, and U 
Roche. It was in their work that the term ‘ Keuper wa. 

- first applied to the bright-coloured marls and clays above the 
Muschelkalk. The term originated as 

use in Coburg, and had been suggested by Leopold von Buch 

in a letter to Merian. -i a, ■„ bv 

The rocks of Wurtemberg were described in “7 

Alberti ^ primarily with a view to the investigation of the 
minerals, but the work proved to have a high 
L prov ded an accurate account of B^^^^er Muschelkalk 
and Keuper in that area. In 1831 Merian published his de- 
scription of the same formations in the southern part of the 
Black Forest. Still more detailed was the_ excellent descrip- 
tion of the Vosges mountains and the adjacent portions o 
France with which Elie de Beaumont commenced his geo- 

'■’thl Sent F,end,m.„ dirided the 

the Vosges into three distinct groups ;-i, Iht- Lower KeO 

1 Fiiedrich ^u'»ust von Alberti, bom in 1795 ?" Stuttgavb studied 
iniectucn .mphi to , oflic al career in 1815 at 

in 1878 at Ikilbron. 
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Sandstone, with conglomerates and red clay ; 2, the Vogesen 
Sandstone ; 3, the Bunter Sandstonp (grh digarre). The 
Vogesen SAidstone was regarcfed'^by ElieMe Beaumont as|in 
equivalent of the 2^echstein or Red Underlyer series, and he 
thought the uprise of the Vogesen had taken place after its 
deposition. ♦The Bunter Sandstone was described as some- 
times succeeding it ,^unconformably, sometimes dissociated 
from it by*faults. On the other hand, the Bunter Sandstone 
was said to pass gradually upward int© Muschelkalk and ''the 
latter into Keuper deposits (fmrnes irrisees). 

In the yea%i834 Alberti published his classic Mofiograph 
of the Bunter Sandstone, Muschelkalk, atid Keuper, and their 
union as a formation. Alberti suggested that the name of 
Trias be given to this formation, on the basis of the well- 
marke^ character of the three sub-divisions. Starting from 
his own observations in South-Western Germany, Alberti 
drew a comparison between the deposits of the same 
age in other parts of Europe. Each of these three main 
divisions of the Trias was again sub-divided into a series of 
groups or horkons of rock, which are all carefully established 
upon stratigraphical, lithological, and palseontological data. 

Alberti's sub-division of the Trias has remained the standard 
of research in Germany, although one or two slight modifica- 
tions have been made. In other countries the name was also 
accepted, and the development of the Trias in Germany was 
regarded as the leading type in Europe of the sedimentary suc- 
cession which had accumulated during that period in the large 
inland seas and lakes intermittently in open communication 
with the sea. The Muschelkalk, which represented the longest 
period of marine conditions in the German area, was found 
however to be entirely absent in certain areas. 

William Smith had early p^ointed out the absence of the 
Muschelkalk in Great Britain. Later researches by Conybeare 
and Phillips, by Strickland (1833-37), by Murchison and 
Buckland (1839), showed that in Great Britain the Bunter 
beds are largely of estuarine origin, composed of sandstones, 
pebble-beds, and conglomerates, while the Keuper beds are 
also in places conglomeratic, or are red and white sandstones, 
and pass upward into the characteristic red and g?een marls 
containing local beds of gypsum and thick layers of rock-salt. 

A summary of the Triassic Succession was given by Quen- 
stedt in his Flotz Series of Wurtemberg (1843). Quenstedt 
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differed from Alberti on certain points respecting the sub- 
division, and the differences of opinion have been continued 
the adherents of the oncf vitw or the other nniil: the present 
day. llie diffonaiccs arose solely as to best mode of treat- 
nienl of the passagt‘dK*ds from ikinier to iMuschelkalk, and 
from Mu.sehelkalk to Kcupiir dlic Wcllcndolomii or wavy- 
surfaced '^dolomite, which occurs at the passage fiom the 
Biintcr sandstones to the typical limestones of thb hluschel- 
kalk group, were placed by Alberti at the base of the Mus- 
chclkalk, whereas Quenstedt preferred to give them an 
independent position, or to include them wUh the Banter 
sandstone. Again, the f.ettenkohle/’ or passage group 
between Aluschelkalk and Keuper, which comprises a series 
of marls and clays with thin coal-seams, was placed by Alberti 
at the base of the Keuper, and Quenstedt placed it /is the 
uppermost horizon of tlic Aluschekalk. In later publications 
both authors adhered to their opinions; Alberti made one 
slight change in transferring the dolomitic limestone (“Tri- 
gonodus limestone ” of Sandberger) from its association with 
' the IMuschelkalk to the base of his Lettenkohk group, thus 
adding to the security of the systematic position to which he 
had assigned the Lettenkohle group. 

As Alberti’s sub-divisions have been fundamental in the 
literature, and will be convenient for reference in the subjoined 
pages, the list may be shortly stated : — 

?x\L/EONTOLOGICAL 

Character. 

(Afterwards distinguished as 
Rhaetic or Infra- Lias): Am- 
cida contortay Kstheria 
jmmdiiy Cardium Rhmti- 
am, Bclodon, Microlestes 
anti quits, etc. 

Occasional occurrences of 
plant, fish, and labyiintho- 
dont remains. 


Myol'hona Gohifiissi, M, 
iransversa, IJnj^nla ienn- 
issima, etc., l'o!t%ia keiero- 
phylla, Esthsria minuta, 
Bairdia; Fish and Saurian 
r^imains. 


Upper 
Keuper 
Group, or 
“ Gypsum 
Keuper.” 


Low'd* 
Keuper 01 
** Letten- 
kohlcn ” 
Group. 


Sub-division of German 
Trias. 

['Tubingen sandstone (with 
bone-beds). 


“ Keuper” marls and arkose 
sandstone, dolomitic mails, 
waterstones ” (compact 
sandstones), gypsum and 
variegated marls. 

U]>per limiting band of grey 
dolomite and limestone, 
dark clays, earthy coal 
and sandstone, dark clays 
and shales, earthy coal and 
gypsum. 
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Sub-division of Gefjvian 
Trias, 


# 

P AL^.O NTOLOG I CAL 

Character. 


Friedrichs- i 
hall Lime - 1 
stone (Up. -I 
Muschel- 
kalk). ’ 


rUolomitic limestone * 
Friechichshall limestone 
I C^lilic roCic (Rugenstein) 


V-Encrinite lim.®stone 


Anhydrite 
Group 
(Mid. Mus-' 
chelkalk). 


Dolomite, mails, poioiis 
limestones, bituminous 
limestone, gypsum, an- 
hydrite, clay and rock- 
s*t. 


Trigonodus Stmdhergeri, fttc. 
(Lima stnata^ Te} ebratiila 
I Tjulgans, Naiitihts bidor- 

"i saitiij Ceratites nodosiis, 

i etc., richly fossiliferous. 
Encrimis lilhfoj'ihts, etc. 

^urian remains occasiojjially 
occm, otherwise poor in 
fossils. 


AVellenkalk (wavy limestone) 
Wellen- Wellendoloinit (wavy dolo- 
kalkGioupJ mite). 

(Lr, Mus- 
chelkalk). 


Richly fossiliferous, Tere- 
bratula milgaris^ T. an- 
gzista^ Spbiferina fragilis, 
Gefuillia costata, Myopho- 
ria elegans, etc. Encrinns 
HHiformis, 


Bunter 
Sandstone i 
Group. 


^Variegated clays and mails, 
chiefly red clays with gyp- 
siPm and salt. 

Bunter sandstone - 


“ Vogesen sandstone ” (false- 
bedded fine sandstone in- 
terbed ded with dolomite 
\ and oolite). 


Myophoria costata, M. vid- 
gariSi plant remains, Eqtti- 
sefum, Voitzia^ etc. ' 

Labyrinthodont remains and 
amphibian footprints. 
Esiheria mmttta^ etc. 


The later literature on German Trias is very voluminous. 
Giimbel, Sandberger, and Thiirach have materially advanced 
the stratigraphicai and palaeontological knowledge of this 
subject by their exhaustive studies of Bavarian areas. Daubr^e, 
Benecke, and Lepsius have been amongst the geologists who 
have investigated the Trias in Alsace-Lorraine. In the Rhine 
provinces, Weiss and Blanclfenhorn have been the chief 
workers. The isolated Triassic outcrop at Riidersdorf, near 
Berlin, has been made the subject of a monograph by Eck, 
and the Upper Silesian area of Trias has been described by 
Eck and Ferdinand Roemer. 

Only after a clear exposition had been obtained of the 
general stratigraphicai relations of the Trias in extra-Alpine 
European localities, could the difficult task be seriously com- 
menced of unravelling the tangled skein of the Triassic rocks 
in the Alps. To determine the relations of Triassic rocks in 
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the field, to define iheir true succession, to distinguish Ureir 
diverse local developments, to comprehend their remarkable 
metamorphosis due to cheiifut-al and dynamical pauses, have 
hlL some of the chief themes in Alpine geology 
fty years. The most skilled Alpine geologists _ nave devoted 
tSr energies to the diflicultie.s of the Alpine Ir.vxs, and still it 
is only pc^ssihle to record a jiartial success. _ 

To Vo back to Leopold von ISuch, that experienced geologist 
sev-eral’ times travelled, in South Tyrol, the bab.kammergut. 
Stvrla and Clarinlhia, and puliished a series ol pamphlets 
Stich though short, ;erc closely packed with absorvations on 
the stratigraphy. A small map of South lyrolappcarecl 11x1822 
Iwine a general survey of his results, and it shows how very 
little Information he had gleaned 

and relations of the masses of “ Alpme Lxmx^^tone, and the 
members of the Secondary Alpinc rocks generally 
Kefcistoin compiled a geognostic 

her<^ in 1821 ; it shows at the north edge of the ^ 

baa'd of Bunter Sandstone striking from Bnxlegg to kitzbichel, 
reappearin<^ in the Kloster valley of Vorarlberg, and continuing 

“Ed ftom .ha, .0 Lak. Wal.n. In ““‘Eho^ ho^ 

Schkm mountain, neat Eotzen, >! K„S flE 

shaped outcrop of sandstone, and at the Puster 

atone and conglomerate band begins 

valley eastward and ceases at inmehen. ,'?"®Vrrsimply 

and published by .tee much additional 

’Shi fo bEnSftte s “I “siriEif S'- 

Sketch-map of the eastern ^’P^ ^^^^Jirrectly entered in North 
tension of the red sandstone and Carniola; 

Tyrol, in the Sabk«^^^^ ,,, i,, 

the zones of iiniestone on uic Kmpcjtnne in- 

fh£n their works on the Pateozoic rocks, .of Great Britain. By 
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its nuiiicioiis sections and correct fundamental conceptions of 
the tectonic relations of the various groyps of strata, their 
SkeUh of tKe Slriiciure of the Eastern Alfs provided the fifst 
intelligible \’giyboar(i for the student of the geology of the Tyrol, 
and was recognised as the stai ting-point of further research. 

Excellent special sections were worked out by Lill von 
Lilienbach^in the Salza Valley from Bischofshofen and Werfen 
to Teisendorf (1830), and from Werfen weng through J:he 
Tannen Range to Mattsee (1833). '^Bhese afforded a true 
representation of the stratigraphical succession of the rock- 
groups which «ompose the northern limestone Alps, but Lill 
went far astray in the vague attempts which he made to 
identify the Alpine rocks with extra- Alpine formations. One 
of his most noteworthy contributions was his careful deter- 
minatk)n of the guiding thread supplied by the reddish and 
greenish “Werfen’^ shales, whose name is taken from their 
typical development at Werfen in that area. Lill traced them 
everywhere as the basis of the Alpine limestone, but he 
erroneously assigned them and a considerable part of the 
limestone to th*e Wernerian “transitional” series {ante^ p. 58). 
Lill’s chief strati graph! cal results may be summarised in tabular 
form : — 

Upper Alpine Limesfo?ie^ comprising the “Hippurite” lime^ 
stone of Untersberg, etc. 

rShales and sandstones with clays, 
gypsum, and the salt deposits of 
Hallein, Berchtesgaden, Hall- 
stadt, and Aussee; Rossfeld 
and Schellenberg strata. 

Red marble of the Diirnberg; 

Adneth limestone with Am- 
• monites; limestone and dolo- 
mite of the Watzmann, Tannen, 
and the Hohe Goll groups. 

Werfen Shales with interbedded gypsum (regarded by Lill 
as a “ transitional ” formation), 

H. G. Bronn examined the fossils collected by Lill, and in 
a supplementary paper to Lill’s in the Neues JahrbudL (1831), 
emphasised the unusual character of the fauna of Ammonites 
and Monotis present in the Diirnberg limestone, and its ap- 
parent affinities with Liassic and Transitional marine faunas. 


Middle A /pine Limestone 
(regarded as Jurassic). 


Lower Alpine Limestone^ 
doubtfully indicated as 
“ transitional forma- 
tions.” 
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Broun regarded the middle Alpine limestone as Jmassic or 
IJassic. In comparison with these indefinite surmises regarding 
tlire age of Alpine limestone cleposits, the secure identification of 
}iliischelkalk in the neighbourhood of Recoaroand Rovegliano 
by IMaraschini (1822), Catullo (1827), and IMurchison makes a 
refreshing impression. • 

I'he discovery of the wonderfully ^ich fossil locality of 
Bt.^Cassian in South Tyrol proved a turning-point in the 
history of Alpine geology. Leopold von Buch had brought 
St ( iassian fossils with him from one of his journeys in the 
Dolomites, and he sent them to Count Miii>"ter for identi- 
fication. In 1S34 Count Mitnster published in the Mms 
J ahrlmch the description of a large collection of St. Cassian 
fossils, most of which had been sent to him by Lommel 
Of one hundred and twenty-eight species, Munster thought he 
could identify seven as Muschelkalk species, two as Liassic, 
and six as Jurassic. Munster’s famous work published in 
1841, entitled Beitnige zttr Fetrefaktenkimde^ is a monograph 
of the St. Cassian fauna. The investigation of four hundred and 
twenty-two species of Mollusca, Brachiopods,* Echinoderms, 
Corals and Sponges by Count Munster led him to conclude that 
twelve of the St. Cassian species also occurred in the Carbon- 
iferous limestone and Zechstein, ten in the Muschelkalk, eleven 
fn the Liassic, and three in the Jurassic rocks ; of these so-called 
common species” thirteen are said to be actually identical, 
the others analogous. Count Munster could not ascertain any 
definite palaeontological sequence that would harmonise with 
the stratigraphical succession then commonly accepted for the 
Tyrol. 

Munster’s palaeontological work contained an introductory 
geological part written by H. L. Wissmann. The succession 
of the strata between St. Lorenzen and St. Cassian and at 
the northern side of the Schlern Mountain was described by 
Wissmann. He called the red sandstone and the shaly and 
calcareous strata immediately above the Botzen Porphyry Sets 
strata, from the name of a village Seis at the base of Schlern 
Mountain, and explained them as identical with the “Werfen 
Strata” which had been described in North Tyrol Leopold 
von Buch had previously identified the red sandstones of this 
group with the ‘‘Bunter Sandstones” of Germany, and the shaly 
and calcareous strata with the “Wellenkalk” or lower horizon of 
Muschelkalk in Germany. The Seis Strata” are as a rule sue- 
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ceeded thick masses of dolomite. These were at that time 
teimed “ Fassa Dolomite ’’ from the Fas^ pr Avisio Valley, the 
leading valley of the district. * « 

Buch ha 4 explair^ed the dolomitic character of the “Fassa 
Mountains as the result of alteration associated with the local 
volcanic action, butWissmann regarded the “Fassa Dolomite” 
as a nonpal marine deposit. With regard to fhe marly 
St Cassian strata characterised by the richly diversified 
small-sized fauna, Wissmann could not find out what were 
the relations of this group either to the Fassa Dolomite or 
to the marls mnd shales of two other fossiliferous localities 
near St. Cassian, namely, the village of Wengen, and the hill- 
slopes on which the pilgrimage chapel of “ Heilig-Kreuz ” had 
been built. 

In a 843, Klipstein published a geological and palaeonto- 
logical account of the same districts. His observations 
in Abtey and Fassa valleys had been taken in unusual 
detail, but led to no satisfactory explanation of the tectonic 
relations of the district. Klipstein, who made personal collec- 
tions to a certain extent and also bought largely from the village * 
fossil-collectors, was enabled to add more than three hundred 
new species to the known fauna of St. Cassian. The investi- 
gation of these was unfortunately in no measure comparable 
with Munster’s work, and the fallacious identification of ?l 
Cephalopod as Ammom’fes cordaius led Klipstein to place 
the Wengen shales in the Liassic formation, and as the 
Wengen shales pass upward into St. Cassian marls, he con- 
cluded the latter were of Jurassic age. Bronn, in a review of 
Klipstein’s work, in 1845, expressed grave doubts about the 
Liassic and Jurassic age of the Wengen-Cassian series, and 
stated that in his opinion these shales and marls were possibly 
members of the Triassic formation which had remained hitherto 
quite unknown, and for which no comparison could be found 
in the German Trias, or they represented an aberrant “ facies ” 
of the Muschelkalk. 

In 1844, Emmrich contributed a short communication to 
the Neues Jahrlmch on “The Stratigraphical Succession of 
the Flotz Series in the Gader Valley, at the Seis Alp, and 
St. Cassian.” This work created a new era in the? study of 
these deposits ahd takes its rank as one of the classic contri- 
butions to Alpine geology. In the course of a short visit to 
South Tyrol, Emmrich prepared geological sections from the 
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Piifls Ravine to the Alp, and in the (lader Valley; by 
Ihi^ meajis he a^vyruined th.-jt tl:e Strata’^ begin with 

alternating dark ic<l and ^andolone, pass iipwaid into 

led eali'areoiis, mieac'ooiis, and thin-b'»ahlcd 'Shales with 
Myacites Idissataisih, an<l these are siuxeedcd by a com[)]ex 
grey calcareous beds resembling “ Welicnkalk,'’ containing 
Pmido^trymya Chua\ ^ 

'I'hc succession of strata, as Emmrich recognised it, may be 
shortly tabulated — 

7. DohmiP 

6. Fossiiiferoiis St Cassian Sfraia^ which build up the 
Seis Alp, and nearer Schlern at the Cipit Stream 
yield numerous fossils. 

5. Sfrafa with HaloMa LoinmcU, 

g, UnfossiPferous Complex. 

{ /.) Clah'areous rock resembling Wellenkalk. 

(c.) Dark limestone and siliceous concretions. 

{d.) Light grey shaly limestone. 

(c. ) Dark bituminous limestone. ^ 

(/;.) Dolomite. 

(a.) Limestone with irregular bedding surfaces. 

3. Limest 07 ie wif/i Posidoiiomya Clarai. 

2. Shales with Alyacitcs Fassacnsis. 

I. Seis Sa 7 idst 07 ie. 

Emm rich’s succession was taken as the model by all subse- 
quent stratigraphers, and became rapidly recognised as the 
normal section of the South Tyrol Trias. Thus the interest 
aroused by the St. Cassian fossils had culminated in providing 
the first clue to the particular character of the difficulties which 
had to be faced in Alpine geology The Alpine equivalents of 
the Bunter or lower Trias hgd been clearly elucidated, the 
Muschelkalk had been identified; and the Wengen-Cassian 
group above it had demonstrated the actual presence of a 
fauna and a lithological succession different from that piesented 
in the Muschelkalk or succeeding horizons in any known 
extra-Alpine area. The principle of local developments of 
rock of contemporaneous origin, but containing distinctive 
faunal assemblages, was now appreciated, and geologists had 
also more hope of being able to iix the i dative age of masses of 
‘ ‘Alpine Limestone^’ according to their stratigraphical position 
below or above the fossiliferous WcngeivCassian group 
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In the year 1846, Hauer’s first monograph of the Cephalo- 
pods in the Hallstatt limestone appeared, and also a treatise 
by the saifie eminent author^ on the Molluscan marble, of 
Bleiberg in Carinthia. Hauer demonstrated the identity of 
some of the^pecies in these calcareous rocks with St. Cassian 
species, and^thereby founded the knowledge of the younger 
horizons of Trias in the northern Alps. Further contributions 
by Hauer In 1847 corroborated the great abundance 

of the Cephalopod fauna in the limestone rock in the neigh- 
bourhood of Hallstatt and «Aussee, and showed that it was 
no less variec^in its character than that of St. Cassian. The 
characteristic gastropods from the Hallstatt limestone were 
described by Hoernes. 

Although Hauer’s comparison of the fauna of the Hallstatt 
marblp with that of the St. Cassian marls had given an indica- 
tion of the age of this particular Alpine limestone, and had 
shown it to be unquestionably distinct from the Liassic lime- 
stone of Adneth, Morlot (1847) still regarded the Alpine lime- 
stone, in accordance with the earlier work of Murchison and 
Buckland, as •Liassic or Jurassic. In a work otherwise very* 
admirable in many ways. The Explanatory Text of a Geological 
Sketch-Map of North-Eastern Tyrol^ Morlot entirely ignored 
all sub-divisions of the “Alpine Limestone” that had been 
previously attempted. The Geognostic Map of Tyrol, publishoyd 
in 1849 by the Mountaineering Club of Tyrol and Vararlberg, 
merely differentiated lower, middle, and upper Alpine lime- 
stone, without assigning a definite age to any of the groups. 

A general review of the literature and the position of 
geological research was written by Hauer in the year 
1850, after the Imperial Geological Survey Department had 
been established in Austria. According to Hauer, the 
Alpine equivalents of the Bunter sandstones are the Werfen 
strata, the Sernft shales and* conglomerates of the northern 
Alps, the Seis strata in South Tyrol, and the red sandstones 
and conglomerates in Carinthia and Carniola. A considerable 
part of the Alpine limestone belongs to the Trias; to the 
Lower Muschelkalk may be referred the so-called Isocardia 
limestone with “ Dachstein bivalves ” in the Salzkammergut, 
in Bavaria and Vorarlberg, and the Dolomite witlj Cardium 
triquetrum in the southern Alps. To the Upper Muschel- 
kalk (or Keuper ?) belong the marbled limestones of the Salz- 
kammergut with An-yiionites and Monotis, the Wengen, St. 



Cassian, and Bieiberg strata, and a part of the carbonaceous 
deposits in the Vienna sandstone (Liuu strata). Hauer at 
th|t time regarded tire HallaK;att limestone as younger than the 
Dachstein limestone. 

The organised efforts of the Austrian (leolc)|ical Survey 
rapidly extended the knowledge of Alpine geology. In 1S53, 
the Survey Reports sub-divided the ^hiassic formation of 
North Tyrol into two groups: i, the Werfen siraia thid (hiiien- 
stein Ihuesiones (equivaltmts of the Butiier sandstone and Lower 
Muschelkalk respectively); and* a, the Halistatf strata (or 
Upper Muschelkalk). The salt deposits were jxld not to be 
intercalations in Alpine limestone, as lill von Lilienbach Imd 
assumed, but, according to vStur and Sues.s, behinged to the 
Werfen strata. The Hallstatt strata were now said to r<*posc 
on the Guttenstein strata and to be siisceeded Dae/isfem 
iimestime^ and on the evidence of Lipoid the J)ac//sfem time* 
siane was united with the Kossen (Gervillia) strata and referred 
to Liassic ago. 

There still seemed no means of determining the slruti- 
•graphical position of the dolomitic rock in t!i« n<)rth Alps. 
Hauer, in his report, mainly relied upon two valuable works, 
the first a memoir by Emmrich (1853) on the eastern part 
of the Bavarian Alps, and the other by Esclier von der 
Ignth (1853) on the geology of Vorarlberg. 

With considerable insight, Emmrich liad distinguished in 
the Bavarian Alps a series of well-marked life zones in the 
Mesozoic rocks: — 


Cenomanian 
Neocomian 
Jurassic - 

Liassic - 


Saliferous 
System and 
St Cassian 

Series. 

• 

Muschelkalk 


- 9. Orbitulina sandstone (cf. p. 244). 

- 8. Aptychus shales (cf. p. 405). 

- 7, Haselberg marble passing into the 

Tithonian group. 

“ 6. Amalthetis marls with A mm, Amai- 
theus, etc. 

( 5. Gervillia beds or Kossen strata witli 
Aviciela co/itorta^ etc. 

Oolitic limestones with JdaHiuckina 
Leonhardi and other St. Cassian 
types. 

^4. Lithodendron limestone (cf. p. 250). 

- 3. Middle Alpine limestone with 
Malobia Stu?;i] etc. 



Welleokalk - 2. Lower Alpine iinnestone, dolomite, 

and ranch wacke, with Tere- 
» hraiuki vuIgaHsy Myophoria vui§ 

garis^ etc. 

Hunter - i. Red sandstone, Werfen shales with 

p Monotis Clarai\ etc. 

Ihiimrieh eniimeiated a larger number of fossils in the 
Avicula eontorla zone which laid hilhcwto been referred tcf the 
l.iassic group, and in oi)poHition to the views of Each, j\liirchi~ 
sun, Lill v«)n Lilienbach, and Schafhautl, he pointed out the 
strong aihniti?s twhilnletl both by the Avicula beds and the 
Lithodendrrui iimestonc with the St. (’assian series. 

In the Vurarlberg, hlscher von der l.inth, partially in col- 
laboration with I^lerian, made the following sub-divisions of 
the Wengen-Cassian group in the Triassic series : — 

f‘ iJvIegalodon dolomite Dachsteinkalk 
or “ Main dolomite ”) 

Upper Su Cassian strata with Gcnnllia* 
injhifa^ Cardiiim RhiCtkum^ etc. 
Dolomite or middle St. Cassian (“ Esino 
Kalk’-'). 

Elack marls with BacirylUum SchmidU 
and limestone with Halobia Lommeli 
(lower St. Cassian) plant sandstones 
with Etjuiseium, Caiamites, etc. 

In this sill) division the upper St Cassian strata of Escher 
correspond to the 'Hlervillia’' strata of Emmrich; and this 
confusion of the St. Cassian marls with the Kbssen marls 
proved a frecpient source of error in after years, and also led 
to a consequent misinterpretatfbn of the age of the limestone 
or dolomite masses undeilying the fossiliferous marls or 
reposing upon them. Eschefs Halobia Lommeli sub-division 
is identical with tlie “Wengen” strata of Emmrich’s South 
Tyrol section. 

Important researches were made in the Trias of Lombardy 
by Curioni (1855). He confirmed Escheris sulj'divisions, 
showed that the klalobia Lommeli strata and plant sandstones 
rested upon IHuschelkalk, and gave careful details regarding 
the fossils and superposition of the lower and middle Triassic 


St C'assian 
Group. 



horizons. Certain fussilifcioiis marls with UJarie- 

/i^'/ and Xiifersfcini were described by (,’urioni, and identified 
wiUi St. Cassian strata. TheEfino limestone of thtf Lombardy 
Alps, which had been plained in ICsclier s surcchsion hitm^ the 
Megalodon ” (Darhstein) dolomite, was ascrlbecf by Ciirioni 
to a position ahnr this dulomitc. , 

The gef)log!cai section of the Alps frgm Passuii to Diiino, 
which ^\as prepared by Hauer, represents the liiginwaler 
marfc of the geology cM the eastern Alps in the year 1857. 
Tin* intorpusilion of tlie “ Raijil strata, characterised by 
Myo_phoria IV/iaiehyu: at tlie base of the l)gr!nst«‘in lime- 
stone, was the chief advance u[)on the previous systematic 
attempts. The po.sitiun, extension, and fauna of the KaibI 
strata had been described by Ami lUmc as far laick as 1835, 
and twenty years later in more detail by Fdtterle. In 1K57, 
Hauer published a special mcaiograph of the Raibl fiuma, 
which was supplemented in 1858 l>y Tromfs descrifitifin of 
the fishes, Crustacea, and plants of the bku'k .Raibl sludes* 
I'hesc works undoubtedly helped to elucidate the faunas of the 
•southern zone of the Alps. , 

Three highly fossiliferous series of earthy deposits liad now 
been determined in the midst of the masses of Alpine lime- 
stone — Kossen beds, in which Leopold von Buch had first 
f^ind Gervillias and other bivalves near Tegern See in Bavaria 
(1828): tire Raibl series and the Woigcn-Cassian series; more- 
over, the pelagic faunas of the calcareo-dolomitic rocks had 
been fairly well investigated. It might, therefore, have been 
reasonably expected that the stratigraphical difficulties would 
no longer prove so insurmountable. As a matter of fact, these 
seemed in no way diminished, and this w^as in itself an indication 
that the palaeontological method, which had been so success- 
fully applied in the case of the English Jurassic formation in 
the Paris basin, or the German Trias, was not enough to unlock 
the mysteries of Alpine structure. The Triassic succession 
given by Hauer for the southern Alps in 1858 may be quoted, 
since it held the place of authority with the Austrian Survey 
for several decades. He differentiated in the geological map of 
the Lombardy and Venetian Alps the following seven horizons 
as a palceojitological sequence: — 



f 7. Kossen strata. 

\ 6. Dachstein limestone and dolomite. 

-I % » 

f 5, Raibl strata of Gorno and Dossena/ 

4. I'.sino limestone. 

[ 3. St. Cassian strata. 

( (Wcngcn strata and Rauch wacke. 

\ \lMuscheikalk.^ 

f fServjno and Werfen shales. 

[ \Verrucano conglomerate. 

Stoppani, tlie Italian geologist in a similar work published 
in discu.ssed the Lomi)ardy Alps. He regarded the 

'Xkiriucano conglomerate a.s a Palmozoic horizon, and otherwise 
ills sub divisions were comparable with Escher’s. The dark 
bituminous shales of Perledo, near the Lake of Como, with Fish 
and Saurian remains, were correctly assigned by Stoppani to 
llte Muschelkalk; while the dolomitic limestones with Encrlnus^ 
Icrdnatuia afi^usia^ Sj^irifer fragilis^ etc., at Monte Salvatore^ 
near Lugano, Menaggio, and other localities, were iccognised 
as /crc£V* horizons of Muschelkalk. Stoi>pani also published a 
valuable monograph of the fauna of the Esino limestone 
(1S5S-60}, and upon palceontological grounds identified the agp 
of the Esino limestone with that of the Hallstatt and St, 
Cassian gioups. Unfoitunately, however, Stoppani in a later 
publication withdrew this comparison, united the Esino lime- 
stone with the dolomite containing Avicula cxiiis (Dachstein 
dolomite), and placed the whole complex above the Raibl 
strata in the horizon of the main dolomite of the northern 
Alps. 

In the year 1854, Suess published a monograph of the 
Brachiopods of the Kossen strata. Under the name of Kossen 
strata, Suess understood the “Gervillia strata” of Emrarich 
and Sdiafhiiutl, as well as the “Upper Cassian strata” of 
Escher. He gave a general exposition of the stratigraphical 
relations of the Kossen strata to the Dachstein and Lithoden- 
clron limestones and the bituminous fish shales of Seefeld. 
Suess argued that as the whole complex reposes on the Hall- 
slatt strata, and is succeeded by strata containing l}pper Lias 
fossils, it ought to be included with the Gresten strata as 
l.ow«r Lias. Merian immediately objected to this view. He 


Infralias 
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Upper 'fiias. 

t 

UidiMTiias. 

Lowei Trias. 
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contested wiili justice that the Kdsscn strata were marine 
equivalents of the Upper Keiiper, and a (|uite distinct forma-' 
from the (ircsten straki tnd the limestone With liassic 
Ammoiiites at En^esfeld and Hcirnsteiii. In the same paper, 
i\Ierian reported some additional Austrian where true 

St Cassian fossils occurred — at Tdfs, in the Laptsch Valley, 
and at Haller Sal/berp^. ^ 

In the autumn of 1*^54, Gllmbel commenced his investi- 
gations in the soutlM^*Ht Bavarian Alps and the adjacent 
parts of Vorarlherg atid North and ins first mmunrs 

appeared in the Jahrbuch in 1856. 'They afftj^ded valuahle 
information on the tectonic relations and palieontological 
sub-division of the Cretaceous deposits in those Alpine 
areas. (Ulmbel showed that four (luitc different horhons of 
'friassic, Liassic, and Tertiary shales had been thrown together 
under the name “Flysch,” applied by Hchafhautl and other 
authors. 

In the summer of 1857, the memorable geological tour of 
the North Tyrol and Vorarlbcrg Alps look place, in which 
•Hauer, Richthofen, Fotterle, Gllmbel, Pichlei; participated, 
and were for a few days joined by Escher von der Li nth 
and Cotta. The geological survey of Vorarlherg was then 
assigned to Richthofen, who had also to draw up the coni- 
tjjned report, Giimbel w'as to provide the supplementary data 
from the Bavarian Alps. 

Richthofen demonstrated in the first instance that the 
thickness of the Triassic deposits diminishes very perceptibly 
when followed from east to west, and is very much reduced in 
the Vorarlherg, He then presented in tabular form the paral- 
lelism of the Triassic sub-divisions at different parts of the 
Alps : — 

VORARLBERG. EaStERN TyROL. SaLZBURG. 

Upper Dach- Upper Dach- 
stein lime- stein lime- 
stone. stone. 

Kossen strata. Kossen strata. 
Lower Dach- Lower Dach- 
stein dolo- stein dolo- 
mite and mite and 

limestone. limestone. 


Lias. 


[ 9. Upper Dach- 
stein lime- 
stone. 

8. Kossen strata. 

7. Lower Dach- 
stein lime- 
stone. 



U pper 
I'rias. 


Lower 

IViiLs, 




'6. Raibl strata 
with gypsum 

• and rail eh- 
wacke. 

^ Arlberg lime- 
^ Slone. 

ft 

•4. Partnadi 
strata. 

3. Yirgloria lime- 
stone. 


Raibl strata. 

Hallstatt lime- 
stone (resp. 
Wetterstein) 
Pajtnach 
strata.*? 

a, Yirgloria lime- 
stone. 


f 2. — Giittenstein 

limestone 

(i. ? Werfen strata. 


Verrucano Con- 
glomerate (prob- 
ably Palmozoic). 


? 


Hallstatt 

limestone. 

? 

Yirgloria 

limestone. 

Giittenstein 

limestone, 

Werfen strata. 


It will be ,scen that Richthofen sub-divided the true ^ 
Trias, exclusive of the Dachstein limestone and K 5 sscn beds, 
into two groups, upper and lower, which are applicable both 
in the nortliern and southern x\lps. The Werfen strata 
pass upward into the black, poorly-fossiiifcrous limestones fc» 
which Hauer had introduced the name of Giiitcnsiein strata. 
In 1^52, it had been shown by Kudernatsch that the upper 
layers of these strata contain numerous hornstone concretions, 
arc thinly-bedded, and nodular. 

Several llrachiopod species {Terebraiitla irigonella^ Spirifer 
JnigUis^ JMcntzcU, etc.) were found in these upper horizons by 
Pichler in the neighbourhood of Innsbruck, and by Escher 
near Reuttc. Richthofen found Ammonites and Bivalves 
resembling Alomiis in these lasers at the Yirgloria Pass, and 
the characteristic Brachiopods in the Lichtenstein area. As 
the Guttenstein limestones frequently alternate with Werfen 
strata in the eastern Alps, Richthofen separated the Gutten- 
stein strata from the upper more characteristic hornstone 
layers, and called the latter Virgloria Limestone, 

Gumbel bad found in the Partnach ravine, neaj Parlen- 
kirchen, marly shales with Halolna Lommeli (afterwards called 
//. Farikamnsis) and Badryiimm ScIimidiL Above these marls 
and shales in the \Yr|irlbcrg, Richthofen had found a dark- 
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coloured limestone which he had termed ‘LViiberg Liniestooe^’; 
in Bavaria and North Tyrol the Partnach shales arc succeeded 
b}% a light, pure limestone (fdterwards called ‘^Wetterstein 
Limestone’’) with C/icmnitJa and annulaki. dliese 

limestones were identified by Richthofen with !!ie ilallstati 
limestone in the Sal/kamuiergut. ^ 

Richlhdfen’s demonstration of the* ocTurrence of the 
Raibl strata in North Tyrol, is especially importaift. Oolitic 
limestones and plant-bi^ring sandstones associated with ranch™ 
waickcs and gypsum had been observed by ivsdmr in Xonni- 
berg, and called Lower St. ( ussiati strata. T||c same senes 
observed by Pichler and (Uini!)el in North Tyrol and Bavaria 
were called ‘‘ Cardita Strata/* from the frequency of the fossil 
Canii/a Like Esc’heq Pichler and (Uimbel also 

referred them to the age of the typical St. {'assian strata in 
South occurrence of a fair number of fossils 

identical with those in the soutli Alpine Raibl strata led 
Richthofen to identify this group of fo.ssiliferous strata in the 
northern Alps as Raibl Strata/’ although he admitted that the 
** Raibl strata in North Tyrol seemed to have a greater ninnber 
of fossils in common with the St. C’assian series than was the 
case in the typical Raibl Strata’’ at Raibl in Carinthia, He 
supposed, therefore, that the Raibl strata in North Tyrol were 
fiightly older than those in the southern Alps. 

The unfossiliferous calcareo-dolomitic masses of rock above 
the Raibl strata in Vorarlberg were compared by Richthofen 
with the Dachstein limestone in the Salzkammergut; in Vorarl- 
berg, the dolomitic masses passed upward into Kossen marls 
and limestones with Megalodon triqueter. The tectonic rela- 
tions in Vorarlberg were elucidated by Richthofen by means of 
a number of excellent geological sections. 

Another work by Richthofeii, which was destined to have an 
even wider influence upon Alpine geology than his admira!)!e 
exposition of the Triassic succession in North Tyrol and 
Vorarlberg, was his Geognostische Jksckrcilmng der LXigegmd 
wn Fredazzo, St. Cassia^t, nnd der Sefsser AI/k Tiiis classical 
work appeared as an independent publication in the year i860, 
but the-authoBs geological observations had been taken in the 
summer of 1856. The work was greeted on it.s appearance 
with the highest recognition from all sides, and the author, 
who was little over twenty at the time, was looked uptiii as one 
of the first Alpine geologists. ^ 



After a historical introduction and exhaustive enumeration 
(jf the previous scientific literature in any way connected 
with the afea, Richthofen desSriBes the general surface C4>n- 
formation the a«ea, and gives the reader a clear conception 
of the topographical idiosyncrasies of the areas under examina- 
tion. llien ^follows a description of the formations and rocks, 
which om|ts nothing #f lithological, mineralogical, dr paloeon- 
tological interest or significance Richthofen arranged the 
various members under two divisions df 'Frias in the sameVay 
as in ills Irealment of the \"ofarlberg rocks : — 

lias Upper Dolomite, Dachstein lime- 

' ' ‘ * \ stone, and Hciligkrciiz strata. 

f Raibl marls. 

Schlem dolomitc. 

Ht. Cassian marls. 


Upper Ihia.s. 


Cipit limestone. 

Wengen shales and tufaceou.s rock.s. 
Ihichen.stcin nodular lime.sione. 
2^fendola dolomit<i. 

Mrgloria limestone. 


[ (Jampil sandstones, etc. 
Lower I'rias. • Seis limestones. 

[ Groden sandstones. 


I’he superposition of the rocks, their surface extension, and 
the local variability in their development, along with other 
points of slratigraphical importance, are then carefully dis- 
cussed. Excellent geological sections show the parallelism of 
the succession in the different lines of section. The occur- 
rence of the aiigite porphpite js described, with reference both 
to ccnitemporaneous and intrusive flows. 

Upon the basis of the tectonic structure, and the distribution 
and development of the formations, Richthofen tries to 
discover the historical succession of events during Triassic 
time in South Tyrol, and more especially to determine the 
elevations and subsidences of the sea-floor in that area. In 
opposition to Buch and Elie de Beaumont, Richthofen 
attributes most of the changes in the form of the ground, and 
also tectonic disturbances to slow crust-movements. He also 
discusses the formation of the dolomite masses (<?«/<?, p. 250). 
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Whereas Leopold von Buch had explained these masses 
as doloinitised limcsloiie, chernieally altered by the a^itnicy 
of magnesia vapours and'" vc^icantc discharges, ^Richthofen 
made the suggestion that not only the,r dolondtic masst^s, 
but also a part of the immense thicknesses of pure pelagic 
Triassic limestone in the southern Alps, had hci^i constriirted 
by recf"bif1kling coial polyps during perii^^ds of slow siihsidciire 
of the sea-floor. KichthofeP pointed out how the irregular 
conkitution of a sea-ilo!)r occupied bv coral reefs wmikl afford 
an explanation for many of the peculiar te<*tonic appearanctts 
and facies developments that arc otherwise v#ry difticiilt of 
comprehension. Richthofen's suh-division of the Trias in 
South Tyrol has been little altered Slur, in 1868, showed 
that the Heiligkrcuz strata -were parallel with the upper part of 
the Raibi strata ; and as the position of the Kdssen gitrata 
became fixed, both these and the l)achst<;in limestone, so often 
intimately associated with the Kcksen strata, were transferred 
from Lias to Upper d'rias. 

Until the year 1S56 there was no known extra-Alpine 
^equivalent for any of the zones of fossiliferous Triassic deposits 
above the Muschelkalk, Athough almost one thousand 
species of marine fossils had been described from St Cassian, 
Raibi, Esino, and Hallstatt strata, there was not a single species 
rffnongst them which could with security be shown to occur in 
extra- Alpine deposits. The only basis of comparison between 
Alpine and extra-Alpine Trias bad been afforded by tiie few 
fossil species common to Alpine and extra-Alpine IMuschelkalk. 
The highest interest, therefore, attached to the publication of 
a memoir by Oppcl and Suess “ On the supposed equiva- 
lents of the Kbssen strata *’ (A//a. IF/en, 1S66), 

wherein Avicula contorta and other Molloscan species in the 
Kossen beds were identified \ij:ith species in certain passage- 
beds between the Triassic and Liassic strata in Swabia. 

There could be no question regarding the stratigraphical 
position of the Avicula contorta strata in Swabia since they 
reposed conformably upon the upper red Keiipcr marls, and 
were conformably succeeded by the lowest Lias with Am- 
monites planorbis. Hence the determination of this defnute 
palseontological zone in the Alps fixed the iq^per hou/.on of 
Alpine Trias, and gave a clue to the solution uf tiic idations 
between the Trias and the Lias in the Alps. Y'hilt* sirali- 
graphers were well satisfied with this new vanlage-giound for 



their work of surveying, palajontologists found matter for 
discussion in the faunal affinities of the Avicula contorta zone 
—whether *1110 fossils indicatid ‘nearer relationship to «he 
Keiiper fossils below or to the Liassic fossils above them. 

Alberti and Piieninger, the two leading Swabian authorities, 
thought them, distinctly Triassic in character, and included the 
Avicula contorta zon« or Bone-bed as the uppermosi: member 
of the Keuper ; Quenstedt, after «ome hesitation, distinguished 
the fauna as an intermediate assembL^^e occurring in passage- 
beds and premonitory of thc^Lias. Oppel (1856), Sedgwick, 
Murchison, the great majority of the Austrian geologists 
at that time assigned the Avicula contorta zone to the Lias ; 
lAnmrich, IMerian, Stiidcr, and Escher von der Linth placed it 
in Upper dkias. In France, geologists had long been familiar 
with fossiliferous deposits between Keuper and Lias, as 
these are well exposed over a considerable tract of country on 
the east and south of the Central Plateau and in Lothringen. 
I.eymerie had described them in 1840 under the name of 
Jn/ra/iaSj but many of the later authors grouped them with 
'Frias. The sa?me difference of opinion reigned in Great Britain ; 
Brodie atid Strickland (1842) regarded the passage series with 
the hone-bed as Liassic, whereas Agassiz (1844) and Buckmann, 
on the basis of the Fish and Plant remains, declared the series 
to he Triassic in character. • 

Oppel and Suess gave in their first memoir no expression of 
opinion regarding the Triassic or Liassic age of the beds; the 
re/afive stratigraphical position sufficed for their immediate 
purpose. P>ut in 1859 Oppel contributed a special memoir, 
and stated that after tracing the extra-iklpine ‘^Contorta-zone” 
into Luxembourg and France, he had come to the conclusion 
that the limiting-line between Trias and Jura should be adove 
the ** Contorta’’ strata and ^e/oza the zone of Ammonites 
planorbis. Two years later this view was supported by 
(Timbel in his Geognosiic Description of the Bavarian 
Alps (1861). Giimbel proposed to group the Kossen strata 
and the Dachstein limestone together under the name of 
liketk Groups from their development in the Kbsetikon 
district of the Alps, and to regard this group as the upper- 
most division of the Alpine Keuper. At the present day 
most of the German and Austrian geologists follow GumbeFs 
suggestion ; but in France the majority of the geologists retain 
the position and the imme “ Infralias,” which was suggested by 
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Vovn in this lir-t ivr.;.' vohim.- S.y C.hmbi i, Iv uuiulil.il his 
n.n vl ronr. otion tb.nt Ih. m bad Ik-vu at one ti.we a niounl.un- 
chain to the north of the present .Mps. 
south-west «igc of the mountains and up.ands of the 
Forest westward as far as the <vntral 

ftlled this supposed earlier mountain-range the f tf/d,/t£ CAat/i, 
and upon thL hypothesis that it 

the adioining areas from the region of the existing .f^var an 
Aim £ explained the differences between the deposits of the 
Alpine and extra-Alpine Tria-s. Again, upon the hypothesis 
that the disappearance of the Vindelic Cham was m some 
way associatedAvith the vast upheaval of the eastern Alps m 
Cretaceous and Tertiary epochs, C.umbcl thought many of the 
Slicated questions regarf.ug the lidmlog.cal^ composition 
and peculiar surface distribution of the Flysch and pebble- 
beds^ of the north Alpine slopes might hnd an e.xplanation. 
Be that as it may, Giimbel’s “Vindehc Cham has recciyee 
more countenance in the Alpine literature than usually falls tc 

the share of the more daring flights of geologists. ^ „ 

\ favourite their e with Giimbel was the deterpimation o 
tinie-equiralenls in the faunal succession displayed in the rocki 
of Lower Bavaria and those of the Bavarian Alps, and this 
tendency to emphasise the comparative aspect of Alpine am 
extra-Alpine deposits is apparent cvern m -the nomenclatun 
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which he osed. Although in all essential features he adopted 
tlie same succession of Alpine Trias which Richthofen had 
established m his memoir on V<^aijj[bcrg and North Tyrol, t^e 
names and divisions m Gumbers work differ consfderably from 
those used b^all previous authors. All the Alpine deposits are 
arranged under the three German divisions — Bunter, Muscheb 
kalk, Keuper, and the, names given to the sitb-groups are in 
keeping wifh the fundamental idea of parallelism, Giimbei 
a>ssig!)s to Buuier jirata the ^\^erfe^:s shales together with 
the salt and gypsum intercalalions at Berchtesgaden, Hallein, 
and ill the* Salzkaminergut ; to Aluschelkalk the Guttenstein 
limestones ana the Virgloria limestone, from which Giimbei 
enumerates tliiitcen species identical with extra- Alpine 
Aluscheikalk species ; to Keuper^ Giimbei assigns all the 

other Triassic strata as follows: — 

% 


Upp(*r Keuper or J 
Rhretic Group. | 

Middle Keupci;or f 
Main Dolomite - 
Group. [ 


8. Dachstcin limestone. 

7. Strata with Avicula contorta (Gervillia 
‘Strata or Kossen beds). 

6. Calcareous flags. 

5, Main dolomite. 

4. Rauchwacke. 


Lower Keuper or 
** Let ten kohl e 
Group.^’ 


'5. Cardita strata of Pichler (Raibl strata 
of Richthofen). ^ 

2. Wetterstein limestone and Hallstatt 
limestone. 
j, Partnach strata. 


These sub-divisions, erected by Giimbei in 1864 on the basis of 
his Bavarian studies, have undergone two important modifi- 
cations in subsequent researches. The “Partnach Strata” 
of (jiimbel were afterwards identified by Wdhrmann as 
typical sandstones a?id sh^ks. And the Hallstatt lime- 

stone, regarded by Giimbei as a local facies of the Wetterstein 
limestone, lias been proved to be distinctly younger than the 
Wettenstein limestone. 

The views of Austrian geologists regarding the Triassic 
sub-divisions in their territories were subject to great van- 
atioiis. From the year 1856, Pichler devoted himself with 
enthusiasm to the study of the Alpine Trias. In his first publw 
tion, in 1856# on the north-eastern limestone Alps of Tyrol, 
he had described above the Bunter sandstone a Lower dark-grey 

31 
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Alpine limestone; above it, dolomite and Cardila strata; then 
Alpine limestone (Wettersldn), succeeded by (Icrvillia 
sij;ata and Lilhodetulron liwie^one. d'hree years ^aler Fichler 
accepted Rmhlhofeiis diviMons of Trias, and referred tlm 
WettersUan limestone to its posilloS b<*loif the Cardiia 

or Raihl siiata, but mlvocated the view that the W’etterstein 
limestoiK^aiKl the (lardita oolites and marls were in interbedded 
stratigraphical relations with^ one another. In iS66 and 1867 
Piebler gave a series o&geologieal sections in which he made it 
appear that between the Wetterst^dn Dolomite and the Virgloria 
limestone there was a thick and diversified complex of arenaceous 
^nd argillaceous strata, dolomite beds and no<fular limestone, 
which contained a fauna like that of the Cardita strata, and 
probably corresponded in North Tyrol to the Bt Cassian fauna 
in South Richler thus originated the idea that an 

** Upper Cardita’^ or “RaibD^ series and a ‘‘Lower Cardita 
or “ St. Cassian scries could be distinguished normally above 
and at the base of Wetterstein limestone, but sometimes inter- 
stratified with it as equivalent facies. 

^ About the same time, in 1866, another point was gained in 
the comparison between Alpine and extra-Alpine areas. Ex- 
amples of two typical “RaibU^ fossils — Myophoria Kejersfeini 
and Corbula Rosthonii — were discovered by Sandberger in the 
iead-glance or galena bed of the Franconian “gypsum Keuper/’ 
It was thus ascertained that the Alphie Raihl strain con- 
temporaneous with the gypsum and marls which immediakly 
succeed the upper limit of the ^'Lettenkohlen ” or Lotoer Keuper 
group in the extra-Alpine areas. Careful observations bad been 
made by Fotterle (1856) on the palaeontological sequence of the 
Raibl strata in their typical development at Raibl ; those were 
corroborated in 1867 by Suess, who differentiated the Raibl 
strata into three palaeontoiogical zones: the Zotocr^ composed of 
black shales with numerous plant and fish remains; the Middle, 
composed of limestone beds with Myophoria Kefersteini; and the 
Upper, composed of marly limestone with Myophoria Whakkvi, 
Ostrea moniis capriiis, Pecten filosus and Megalodon <\ists. 
Suess applied the name of l^orer strata to the upper horizon. 
Two years later Stur expressed his view that the lower horizon 
was the equivalent of the Wengen strata. 

In the summers of 1863 and 1864, special survey work in 
the north-eastern Alps was carried out by the Survey Depart- 
ment under the direction of Lipoid and Stur, and was the 
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means of elucidating the coal-bearing Mesozoic deposits in 
Lower and Upper Austria* Up to that time these deposits had 
been collecively termed ‘‘Grc55ieif beds,” *and assigned to^he 
Lower Lias. Lipoid and his colleagues in the survey, Hertio 
and Stel/neif showed, however, that although coal-seams occur 
in the Liassic “(Irestcn beds,” the coal-seams at Lunz, Lilien- 
feld, S(‘heibbs, Gaming, Gossling, etc., occurred in 5 , complex 
of strata \t'i)ose fauna and flora* were undoubtedly Triassic. 
Lipoid gave the name of series "to the sandy and sfialy 

coal-bearing complex, and Stur, who worked out the flora of 
this series, idintifiecl it with that of the “ Lcttenkohle ” in 
Franconia and Swabia. In the lower portion of the “Luuzj 
series” FosidiViomja IVcN^qe^ms (a Wengen-Cassian type) and 
Ammmifes Jioridus were identified; Hertle proposed to differ- 
entiatij this horizon as Rcmgraben shales. The limestone beds 
below these shales were found to be rich in BaloMa Lorn- 
meli and Amman lies Aan^ and were distinguished as Gossling 
siraia. 

The diversified deposits of the Gossling, Reingraben, and 
Lunz groups jmss gradually upward into purer limestone and^ 
dolomite beds, which received the local name of Opponiiz-lime- 
stime^ and were found to contain the characteristic Lamelli- 
branch fauna of the upper or “Torer” horizons of the Raibl 
strata at Raibl. The continuity of the palaeontological sequen(?6 
in these horizons of Trias in the north-eastern Alps was the 
more important, as the succession of the strata containing them 
was held to be undisturbed, and therefore the order of the 
consecutive palceontological types in this locality was regarded 
as a safe standard for comparison in determining the age of 
the same faunas when they appeared in partial development in 
the scattered patches of fossiliferous deposits elsewhere. 

Between the years- 1865 ai:^i 1869, Laube published an 
admirably illustrate^, mefeograph of the St. Cassian fauna, and 
his identifications and nomenclature of the fossils corrected 
many errors which had been made by Miinster and Klipstein. 
Laube emphasised the peculiar character of the St. Cassian 
fauna, pointed out the great difference between it and the 
much more highly-developed fauna of the Hallstatt limestones, 
and the strong resemblance between the St. Cassian and Raibl 
faunas. 

In the summer of 1866, E. Mojsisovics von Mojsvar began 
bis IViassic studied which he has continued for more than thirty 
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years. His first geological tours were taken in the Salzkam- 
Eiergut in the companionship of his teacher^ Siicssj and at the 
cloise of the SiPnimel the twb authors published a^short com- 
munication in the Survey Repoiis on Ihe/rriassic siu’cession 
between the lakes of Hallstatt and Wolfgang. Especial atten- 
tion was given to the development of Rlnetic,.an(! Jurassic 
formation^ in the Osterhorn mountains^near Lake Wolfgang, 
In connection with two sections in Konigshach and Kcndel- 
graBen, carried out with, the mo.st scrupulous accuracy, Biicss 
demonstrated the fact that different lithologit\i! and paleonto- 
logical developments predominated in the R||£etic group of 
adjacent localities, and gave the distinctive names of Swabian, 
Carpathian, Kossen, and Salzburg facies to the particular 
Rhcetic scries characteristic of the localities. 

During the two following years Mojsisovics was cygaged 
on the special investigation of the Alpine salt deposits. 
'Fhc results of his personal researches were set forth in a 
memoir entitled “On the sub-division of the Upper Trias 
formations in the Eastern Alps ’’ {/aliriK l\ A ^i;wL Meichsansi , 

’^1869). This memoir attracted great notice at the time on 
account of many new views expressed in it. 

In opposition to Giimbel, Mojsisovics thought it undesirable 
in those earlier days of Alpine research to compare Alpine and 
^tra- Alpine areas, and to make this comparison a basis of the 
names that were to be applied to the Alpine rocks. He also 
advanced the opinion that the pelagic sediments of the Alpine 
Upper Trias included several distinguishable Cephalopod 
faunas, the lowest of which, with T^rachyceras dokntkus and 
T, ArcMaus, characterised the Partnach marls and shales and 
the siliceous and nodular beds with HaloMa Lo?nmeU^ present 
both in Northern and Southern Alps. The second Cephalopod 
fauna, with Ammom/es Metiei'nicMy Am. tornaius^ and numer- 
ous species of Arcesks, seemeef to be limi|;^d to the Zlambach 
and the Hallstatt strata of the Sakkammergut. The next 
Cephalopod fauna included Trac/iyceras Aonoides and many 
other richly-decorated Ammonite species. Mojsisovics thought 
the most important paleontological line of division in the 
Alpine Upper Trias was that which separated tlic zone of 
AnmwniUs Mdterniclii and the zone of Ammonites Aonoides. 
He sub-divided the Alpine Upper Trias on the basis of these 
distinctive faunas into a Noric and a Karnic division, suc- 
ceeded by the Rhaetic group. ^ 
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Mojsisovics drew up a parallel table of the Upper Trias 
succession as presented in six different localities of the Eastern 
Alps — the Salzkammergut, the Morth TyrorAlps, the Lombardy 
Alps, the South Tyrol Alps, the Karnic Alps (Raibl district), 
and the ran^s in the foreground of the Austrian Alps (Lunz 
district). The chief features of this sub-division, proposed in 
1869, will be apparr^nt from a comparison of the parallel 
columns f?>r three of the ‘‘provyaces” : — 

^ * 

Noric Ai.rs North Tyrol South Tyrol 
(Salzkammkrgut). Alps. Alps. 

Cak(#cous flags Sccfeld dolomite Dolomia media 
with Semiimo/iiSi Torei* strata 

Dachstcin limestone Wetterstein lime- Schlern dolomite 
WcUerstein lime- stone 

stone 

Cardita strata St. Cassian strata: 

Lettenkohle plants i. Am. £ryx 

Cardita stiata with 2. Carditacrenata 

Am. Jloridits 3. Am. Jloridus 

Ilallbtatt limestone Unfossilifeious Wengen strata 
witfi Am. Aono- limcbtone and 

/c/t’x, Am. suhhul’ dolomite 

hitus^ etc. 

f Hallslatl limestone Unfosbiliferoiis Limcstoneanddolo- 

vvith eiw. J/tATv- limestone and mite 

nichi dolomite 

Zlnmhach strata 
Rcicbenhall lime- 
stone 

Salt deposit Ilasel and 

Rcichenhall lime- 
stone 

{ Partnach dolomite Partnach dolomite Limestone and dolo- 
(Arlberg lime- mite 
sione) 

Pdtschen Ifmcstone Partnach marls with Siliceous limestone 
Cord/s jMcUingi with Halobia 

Ostrca month cap' Zommeii) Am. 

sths, etc. Archelatis^ etc. 

Nodular limestone Ilalohia bed.s 
\uth llalobias 

. c 

The above sub-division has several serious stratigraphical 
blunders, and cannot be regarded as an improvement on 
the previous atttmpVs of Hauer, Richthofen, and Giimbel, 
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which, if ^ess ambitious, were based upon acciiratc^ strati- 
graphical investigation of the locality taken as the type in eacli 
ca^^. Bui i%the hew siih-Vlivision ^Mojsisovics a^’^simird the 
most important pakeontological limit io^ pass through the 
middle of the masses of limestone and dolomiltAvheie it was 
an impossibility to find any stratigraphical ew'dencc of it. 
NevertheiBs, the swing tif the penduluiy of Austrian research 
from the stratigraphic'al to {Jk: paheontokigleal aspect of the 
siicfcmon was not with^mt a distinct advantage. All through 
the Eastern Alps, in the villages* and va!k*ys, there were loc'al 
collectors enthusiastically engaged in seeking agd dirantiuTing 
the booty of fossils fur the Imperial hfuseiim in X’iiaiiui ; rocks 
were even (fuarried, and the greatest prerauti<m taken to pro- 
cure the Cephalopods in as completis a as possible from 
tlie limestone and marble of the Sal/kamnuagut. * 

New surveys were coiulueicd by Moj*;isuvu'S in the Inn 
valley, the Kaiser mountains, and KarwtUKlel nKnmtains during 
1869 and 1870, and the r«.;suUs of those inducrd him to make 
many important alterations on his former sub-division of Tpper 
'^frias in North Tyrol Now the Lower (hrdiki or Ikninuch 
strata were placed by him beside the Tartnach Dolomite as 
the representatives of the Noric division ; then came (Airdita 
strata again as the equivalent of St. Cassian strata ; above that, 
tke Wetterstcin limestone; then a third horizon of Cardita 
strata corresponding to the Lower or Upper Raibl beds ; and 
finally, the Main Dolomite as the Rhietic division. In the year 
1873 kfojsisovics identified the Arlberg limestone in Vorarb 
berg with Partnach dolomite in North Tyro! and Bavaria, 
and contested the occurrence of Wetterstcin limestone in 
Vorarlberg, 

In 1874, after Mojsisovics had become personally acquainted 
with the South Alpine Trias, contributed a memoir to the 
Austrian Jakrbucki in which he developed tis ideas regarding 
biological provinces in the Alpine seas during Upper Triassic 
eras, and the consequent local variations of rocLfadcs. He 
began by demonstrating the narrow geographical limits within 
which the Cephalopod fauna of the Noric division was con- 
fined between Berebtesgaden and the Leitha mountains, and 
explained«the existence of a special fauna on the assumption 
that the area in question during the deposition of the Lower 
Hallstatt limestone and Zlambach strata had been almost com- 
pletely shut off from the other parts of the Alpine Triassic sea. 
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He distinguisbed this particular biographical produce as the 
Jinmnc Province. According to Mojsisovics, the beginning of 
the era rep^sented by the Ivaniic*division* of thg Upper TJ^ias 
was marke<| by the re-opening of a wider communication 
between the Juvavic Province'^ and the much more extensive 
A/ediferraneiVi Province on the south and west of it ; this view 
was based by Alojsi^^ovics upon his identificatiorf of many 
species in the higher portions of Hallstatt limestone, which 
enjoyed a wider distribution in thc^Triassic limestone *and 
dolomite of the Eastern Alps. 

Whereas *Mipjsisovics in his earlier works had not attributed 
much impoitance to the differences of facies which had been 
pointed out by Richthofen, Gumbel, and others, these relations 
were now fully appreciated and made a leading feature in his 
sub-division of the Trias. The Triassic zones were now defined 
independently of their lithographical characters, solely 
upon paiieontological characteristics, and were sub divided 
according to their marine faunas: — 


5 * 


Rha:lic Division' 


Dachstein limestone and Kosseiit- 
strata. 


4. 


Kainic Division - 


f ('0 

K'O 


m 


3, Noric Division 


(«•) 


2, i^fuschclkalk 



Main Dolomite, 

Raibl or Caidita strata. 

Zone of T} achyccras Aonoidcs. ^ 

St. Cassian strata and the middle 
portion of the Hallstatt marble 
(zone of Am. subbull atns). 

Zone of DaoneUa [Halobia) Lommeli 
and TracJiyceras Archelaus (Wengen 
strata, Lower Hallstatt limestone, 
Potschen limestone, Partnach marls 
in ^art, and Wetterstein limestone). 

Zone of Trachyce 7 ‘as Reiizi (Buchen- 
stein strata in South Tyrol ; Zlam- 
bach strata in North Tyrol). 

Zone of Am. Siuderi and Daouelia 
Pari ha ucn sis. 

Zone of Trachyccras Balaionieum and 
Metzia irigonella. 


I. Bunter sandstone, as in earlier sub-divisions, concludes with 
the Campft scries of micaceous sandstones. 
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The sub-divisions ot 1S74 mtainly inirudiift'd several 
changes for the better ; it cancelled the Lower Oardita strata 
an^ Partnac^i dololnite as ^intiepeiulenl hori/.uns^'of deposit. 
It also recognised the Raibl strata in theif: true stiatigrajihical 
position below the Alain Dolomhe. In South Tyrol Mc»jsiscivirs 
in 1874 assigned Raibl strata to a pt>.sition ilorr the Srlilern 
dolomite ’and kiow the Alain Dolomite* lUit in cuntrasi to 
Giimbcl and Ihiimricii, Aloj^sisovics expressed hiinself as an 
adlferent of Richthofenc^s Coral reef thet>r}% and regarded it as 
the chief explanation of the Riches differences. Tlie *LSchIcrn 
Dolomite ” in South Tyrol, lie said, rt‘prese!]^ecl tlie whole 
Noric and a part of the Karnic division, and in many placvs, 
for examplcj at the Alendcl, at Lateinar, and at Afarniolalaj 
the ‘*A!endola Dolomite” facies rt‘pl;ua‘d the Aluschelkalk. 

hive years later, in uSyp, Alojsisovk-s pubh^h^d his i^emor- 
able work on 77h* Dohmite Rcejs i]f Stmih Tyrk, arct)mpaidH*d 
by six coloured geographical map*shei*ts (siailc, 1 : 100,000). 
The general features of interest must prominently brought 
forward by Alojsisuvics in this work were his support of the 
*<;!oral reef theory, the significam'e ascribed by# him to facies 
variations within narrow geographical confine.s, the corn^liora- 
tion which appeared to be given by numerous geological sections 
prepared in South Tyrol and ATmetia to the sub-division of 
tke Trias erected by the author in 1B74, and the more definite 
boundaries ascertained for the Jiivavie and Alediterranean 
provinces of East Alpine Upper T'ria.s. 

The systematic collection of fossils in all parts of the 
Eastern Alps, which Alojsisovics had been mainly instrumental 
in initiating, resulted in the accunmlation of a vast store of 
fossil material in Alenna. Again, there was one drawback, 
that as the atmospheric weathering of fossils is an extremely 
slow process, the first rich gathering of fossils was in many 
cases picked up on the spot by the local vil^pgu collectors, who 
could not all be equally capable of remembering, amongst the 
hundreds that were collected, the precise locality for each indi- 
vidual fossil form. And when the geologists from Vienna after- 
wards wished to be informed, there were loopholes of error that 
could not always be controllecL At the same time, in Adenna, 
numerous ♦monographs of Alpine fossil forms were being pre- 
pared and published ^tnd displayed such wonderful beauty and 
diversity in Alpine faunas that the paleontologists of all lands 
looked with admiration at the plates in th^ A^'iCnna monographs. 
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The work that has been done by Mojsisovics ii\the descrip- 
tion of the CephalopodSj both in the Juvavic Province or * 
Sal/.kamnlergiit (1H73-93) andfiir the IMediterr^nean Province* 
(1882), is an achievement of permanent value and general 
scientific interest The unusually narrow limits assigned by 
Mojsisovics, to each genus and specific form increases the 
difilciilty of subseqi|^nt identification of other specimens, and 
has becTi often a ('ause of ^complaint. Unh’ke Thomas 
Davidson, the founder of the systematic knowledge of Brachio- 
pods, wlio left it to posterity to break up his broadly-defined, 
wdhmarked^fenera and spcicies into seveial, if it were found 
practicable and desirable (cf. p. 400), Rlojsisovics, who has 
ham the chief exponent of Triassic Cephalopods, has founded 
a system distinguished by the extreme differentiation of its 
lypt;,s. But, whatever may be the ultimate verdict of posterity 
on the systt'in, the work has been so excellently produced that 
it ('onft-rsan imperishable boon both on Alpine geology and 
zoologii'al knowledge, 

Thertt can be no doubt tliat the keen pnlieontological sense 
of Mojsisovics and his subtlety in the differentiation of fosfftt 
forms so biassed his mind that, during bis surveys in the held, 
he undervalued the possibility that other causes than facies 
developments might have produced the local peculiarities in 
the appeal ances of the Triassic succession. The tectsmic 
disturbances caused by the repeated crust-movements in 
Alpine areas did not receive at the hands of Mojsisovics a 
treatment commensurate with their great significance. And 
from the year 1866, when the memoir on the geology of the 
Piallstalt area was published under the combined authorship 
of Suess and Rlojsisovics, the stratigraphical results obtained 
l)y Mojsisovics were frequently called hi question by other 
geologists. , 

Slur, in 1866^ objected to the position assigned by Mojsi- 
suvics to the salt deposits and Halistatt limestone. The 
hydraulic limestones and marls (afterwards the “Zlarabach 
strata of j^Iojsisovics) near Aussee covers the salt deposits of 
that area ; in these limestones Stur bad found corals, and 
close !)eside them Ammonite species identical with those in 
the Halistatt limestone. Again, in certain shales below the 
salt deposits of Aussee, Stur bad found Halobia Lommeli, a 
typical species of the ‘‘ Buchenstein or upper horizon of the 
Alpine Musche?kalkHa South Tyrol, and of the Gossling series 
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in the Lunz facies. Stur, who had identified tlie IfaIol}ia 
Lommcli horizons in the lower Auhtrkin Alps CiJiiforniulily 
kioii^ tlie Liin|: series concluded that the Zlaiiiharhf^raUi and 
the salt deposits \U‘re in the main tiic cquivi^lems of the Liinz 
series {anh\ p. 483). But in this case, as part iR the Liinz 
series had been proved palmonlolugicaliy to lie tlv! equivalent 
of the more prevalent *H^aibl " fades, #^tur cenududed that 
part of the liallstatt limestone must lie the cipiivaleiit of the 
“Main Dolomite” hiciesKif I'pper Ktuiper in Xorlti Tyrol and 
Bavaria. This was a much hii;hcr. strati'araphical position than 
Mojsisovics assigned to the Ilallstatt limestone iivhis puhlica* 
tions of 1866 and 1869 (see Table on p. 485). 

In 1871, in a work entitled Tk 6V<;/«?4r (f Sfjrla, 8tur gave 
an exposition of the Triasslc su(‘Ct‘>sion in that area wliirh had 
the advantage of being founded holly upon his envn perj^^atal 
field observations, and which likewise <‘anieti out the coim 
parative aspect of Alpine and extra Alpine deposilsXo sirtmgly 
recommended by {UiinlH*!. 'Flie Upper Tiias or Riaiper *’ 
divisions were thus determined by Slur fur the Slyiian district, 
l!ld compared with other Alpine fades *— * 


Extra- Alpi x e. In S n k 1 a, 

Oppunil/ Duluuiiic. 


Ix o'uiKR Fast Ai - 
PINE Areas, 
^ifasn IXilctuiiic and 
Upper llaluNlalt 
limestone. 


Upper Keuper. Oppoiiilz Limestone 


^ Tout m’ Upper 
Kiu!#r’ h.aizons. 

I ieiligkieiiz strata near 
St. Ca.s^ian. 

Red Schlern strata at 
the Scis Alpe. 

Lower Halistatt Hme- 
^ stone near Ausee, 


Lower Kenper. 


% 


^ ‘ Lettcnkohlen 0 roup 
and Salt Deposits. 


Liinz and Reingrahcn 
#rata; Pat tnacn, Car- 
dita, and Bleiherg 
strata ; the mkidie 
Raibi ” horizons 
with At’- 

J?rsUvi/\ and the St. 
Cassian sit at a. 


f Widely-distributed oc- 
I currence of Wengen 

^'1 shales with //a 
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The chief error in Sturms siib-division of Trias wasjiis removal 
of the salt deposits from their association with Lower Trias to 
a place inihe much hi;4hcr series.* 

^(mm!)eh^iii 187^^, wrote a paper Das Ifcfniei wid Schkrjt 
(nkef, whiWi was published in the reports of the Bavarian 
Acadcniy ci[ Sciences. Gimibel proved that the Mendola 
dolomite its de^dopment at the IMendcl ct)iTcspondSj 
as Richttiofen^^had slated, to^ the Muschelkalk dolomite 
with /HUiciji niia in tho typical section of the 

Piifls ravine, but that the Jdigher horizons of the Mendola 
dolomite at ^he -Mendel cou*espon<l with Schlern dolomite. 
Gihnl^el contended, llwa-efore, that the name of “Mendola 
doluiuitc was iinneressary. Hie Buchenstein strata are 
alisent at the Mendel, but at the Schlern and Scis Alpe area 
thcy^ire present and are succeeded by shales (pietra verde) 
ct)ntainin[^ ilakMa and Pi^shitmamya ITenyensis ; above these 
hhales, Gmubel distinguishetl in ascending order the St. 
Cassian strata, the Schlern dolomite, the red Raibl marls and 
thin-be<!ded scries of the S<ii!ern plateau. Gumbel errone- 
ously compaiied the “Buchenstein” horizons in South Tyr«ff 
with tin: “ Paiinach ’’ horizons in North Tyrol, and consigned 
both to the period of Upi^er -Muschelkalk. In GiimbeFs work 
the Letlenkohlcn or Lower Keuper group was said to be 
represented in South Tyrol by the St. Cassian series, or«its 
dolomitic facies. 

Gumbel strongly insisted that the Schlern dolomite was a 
stratified marine deposit, originally calcareous, and rich in 
Gyr&poreiia ; that it had extended over a considerable pari of 
South Tyrol, and was not a coral-reef structure. Gtimbei 
identified the Raibl strata of South Tyrol with the Upper 
Cardila strata in South Tyrol, and agreed with Sandberger 
that they were the Alpine faems of the lower horizons in the 
extra- Alpine “g}ysum Keuper.” He still, however, adhered 
to the independent existence of Lower Cardita strata in North 
Tyrol as a fossiiiferoiis zone belo\Y Wetterstein Limestone in 
that area. 

In 1874, Von Richthofen published in the Zeiischrift of the 
German Geological Society a reply to GumbeFs various points 
of attack on his w^ork in South Tyrol Richthofen admitted 
that he had overlooked the identity of tlie upper part of the 
Mendola dolomite with Schlern dolomite, but nevertheless 
lield that, as the^two# horizons of dolomite were palmontoiogi- 
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caily both naiiso.s shuuld In* rdaiiKii He ako 

answered all object *u?ns that bail !)een okhUj l^y (airnbel to hi^ 

• application of Darwink Cofal/erf Theory in e\|i^inalion of 
the cMlrarco<lolunnlic ma,^>r.s of rr^rk^ and iv-stated the theoiy 
on even hnner and bioader yruunds. In the ^Wiie jonrnaL 
during 1K74 and 1875, lw(t ailidovS appuned by II. Lorel/, 
affording careful reviow all t!u* opj^tedng conNidenilicais 
advanced by (Uinibel, and cusyfirming tlkun iipf)n th6 ba>is of 
his 5 wn oi'servation.s im the border districts of South Tyrol 
and Venelia. ^ 

Hie publicatimi of the comliined rc.senrrhes oj^thc Austrian 
Survey in the lattoi* region (Mnjsisovics Die etc.) 

in 1H79, brought forward many new data, and prcsenlta! :in 
apparently complete corroboration of Richthnfenk view that 
the calcarcoalolornitie musses represented iunal cun* 

structed locally in the Upper 'FriusMc seas cd' South Tyrol. 
So convincing an imtiression did this wen'k t'rcale that the 
Reef Theory wms accepted and extiluiiKsI In the g'eologica! 
text-hooks. The matter rested there ncaily twenty years, 
^hen it was again brought under detailed exam iivit ion tiy Miss 
M, Ogilvie, whose first paper on the stratigraphy of various 
areas in South 'Fyrol appeared in the Journai of ike Geoio^fcai 
Sodeiy of London^ and was supplemented by a full eriiic'al dis- 
ewsion of the coral-reef theory, adverse to its application to 
the dolomites {Geology. 3 Ia^azinej 
The Esino limestone of the Lombardy Alps was made a 
special subject of research by Benecke, and the contributions 
by this geologist have successfully demonstrated the age and 
stratigraphical relations of this southern facies of the Alpine 
limestone {Geogn.-Faldont Beitriige^ 1B76, and Jakrb. fur 
Mmeraiogk^ 1884-85). Benecke showed that the fauna of the 
Esino limestone, described by Stoppani, everywhere lay below 
the fossiiiferous Raibl horizon?. Mojsisoyics in 1880 con- 
firmed Beneckek results, and stated that the Esino limestone 
in the Val di Lenna directly succeeds the upper IMuschelkalk ; 
near the Lake of Como it succeeds the l^erledo fish -shales, 
and is surmounted by Raibl strata. According to Moj.sisuvics, 
the Cephalopod fauna of the Esino |jme.stone iiHlicxife.s ilie 
contemporaneity of the limestone with tlie more diversified 
WengemCassian facies in South Tyrol. This short but im- 
portant memoir by Mojsisovics has been fiillowcd by a large 
number of special contributions in more tccci»t yi'ars. 
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In addition to the writings of T. N. D|ile (1876), 

G. Ciirioni (1877), and Lepsius (1878), on portions of the « 
I,oinharcIy%4\lps and ]£tsrh Vjlloy, Beneeke has done much • 
valuahk; work in tlio vicinity of Lake Garda, the Adamello 
kfassive aiM Jiidicarian Alps, and Ihttncr has contributed 
itxcelkiit stnitigraphical accounts of the complicated Jiidicarian 
district {187(^83), an^i the neighbourhood of Rccoaro (1883). 
AnHHigst*thc inost" important palxontological contributions 
arc ranked the monographs by Kittl, J. Bdhm, and Kokai on 
the Triassic Gastropods of^South Tyrol, by Bittner on the 
Brachiopods and Lamcllibranchs, and the monograph by 
Salomon on tTie stratigraphical relations and* the fauna of the 
IVIarmolala klountain {Paheoniographicay 1895). 

Ill the Nortlicrn Alps there has continued the greatest in- 
security about the true position of the Hallstatt limestone and 
the parallelism of Bartnach strata and the various horizons of 
Gardita strata. A geological investigation of the Karwendel 
mountains was commissioned by the German and Austrian 
Alpine (!lub, and was excellently carried out under the 
direction of J^othplctz by several members of the Muniok* 
School of Geology. The results, published in 1888, showed 
that typical ‘‘Gardita” strata lie below the Main Dolo- 
mite of North Tyrol, and their fauna undoubtedly differs 
from the Partnach strata which underlie the Wetterst#in 
limestone and contain KonhicJdna Leo 7 ihard 2 \ typical St. 
Cassian fossils. 

Almost simultaneously with the publication of these results, 
Wohrmann showed that the plant-bearing sandstones near 
Partenkircben, which had been relegated by Giimbel to 
Partnach strata, were layers interbedded with the upper 
Cardita or Raibl deposits. Skuphos traced the development 
of the i'artnach strata through a considerable region, and 
showed that they continually form the basis of the Wetterstein 
limestone, and exhibit sometimes a marly, sometimes a cal- 
careous lithological character. As Fraas had said in 1893, 
ill his admirable description of the geology of Wendelstein 
Alountain, the fossils of the Partnach strata have the closest 
resemblance to the fauna of St Cassian or to that of the 
Reiflingcr strata in North Tyrol, and are best i;pgarded as 
Upper Muschdkalk. 

Skuphos contended that the Lower Cardita strata of Pichler 
were palmontol^gicajly identical with Raibl strata ; and 
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Rhmfk formation. Mojsisovics, who had m 1869 placed the* 
Hallstatt limestone partly in his Noric and partly in his Karnic 
division of the Trias, shortly, after discovered FlycMtes » 
Siiiden and other C 'e[)halo})0(JP species characteristic of Alpine 
Miisehelkal^ in nfd niarlde and limestone on the shores of 
the Lake of Hallstatt. Further discoveries near Hallein and 
Serajewo established a considerable extension of* this facies 
of IJppei jMuschellftilk. To the same horizon ♦Mojsisovics 
referred the .Musrheikalk stiata*of Syitwang near Reutte^ the 
Triassic ( jephalopods of the black limestone in the Himalayas, 
and a numi)er of Ammonites from Spitzbergen and Eastern 
Siberia, whicfi have been described in ijionographs. The 
Hallstatt fauna was also found in Transylvania in 1875 and 
afterwards in California and other localities, hence it became 
abundantly clear that the name of ‘‘ Juvavic Province” was no 
long(?r suitable for the Hallstatt area, since the characteristic 
fauna, inst<^d of having been confined to a small area in the 
Austrian Alps, had apparently been widely distributed in the 
vast ocean of the Upper Triassic epoch. Correlatively, the 
Mediterranean Province” lost its value, and Mojsisovics 
1892 found i! necessary to give up these supposed biological 
provinces of the Alpine Trias. 

Bittner had made considerable collections of fossils in the 
limestones of the Plagen mountains, the Hohe Goll, and«at 
Hernsiein in Lower Austria. After examination of these 
fossils in 1SS2 and 1884, he recognised the fossiliferous 
limestones in which they occur as interbedded in the 
Dachstein and Main Dolomite series. From the fossil 
resemblances Bittner supported the opinion of Stur that the 
Hallstatt limestone was an equivalent of the Dachstein 
limestone and Main Dolomite. Mojsisovics verified Bittner’s 
observations and at the same time stated that the so-called 
Zlambach strata were only argillaceous, lenticular intercalations 
in the Noric ”#Hal!statt limestone. But as the supposed 
position of the Zlambach strata at the base of the Hallstatt 
limestone had been the security previously given for the 
inclusion of part of the Hallstatt limestone in the Noric 
division, the position of that portion of the limestone was 
now rendered doubtful Mojsisovics thereupon ^transferred 
the “Noric limestones” of his earlier systematic arrange- 
ment of Upper Trias (cf. p. 487) to a position ahve the 
Karnic division, name of “Jiivavic,” which had proved 
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‘inapplicable as the desii'nation oi^a biological province, was 
used Ijv htojsisovich for the new p;!la;onlologi('al /.one of 

.Alpine 'Tiias whicli. he now intcrpos.al above t,^e Kasnic 

di\Mon 

Ai'<'ordin;j; to thi-i new !nter[iretation ul'ieiT'd liy Abijsisovi,.^^ 
the “ Karnie" <livision of HalKta'l limestone with .-im. 
A(>ni>hfi'<, fcic., is the eipiivalent of the Daohsteln liinestimt. 
and Main itoloinile above the Kaibi slPata in nian^- parts o| 
the Alps; the "jnvavie,; litnfstones follow, and_ their upper 
limit i.s determined liy the Rhmlic horizon. Mojsisovics also 
removed the. salt deposits, the Rciehenhall strata, the PiHs- 
chen limestone, aiul the I’arlnach dolomite frtfln th.o Norio 
division, so that there remained in this division only the 
nodnlar limestones, with Hahbhi /awr/wof and a very scanty 
fauna. 

Bittner proteste.d ngainst_ the erei-tion of a “JitySvic” 
division, contrihuting a series of articles on tinw subject to 
the publications of the Austrian Survey or issuing them 
independently. The attitude assumed by Bittner was that 
nfee name of “ Noric Division" _was in the first instance intro- 
duced for the Hallstatt limestone strata with Am. MeUernichi, 
and ought to be retained for these limestones, although in the 
light of the more recent researches it would have to be placed 
ah»ve the Karnie division in the stratigraphical succession. 
The controversy became more and more personal, and was all 
the more unfortunate for the literature, as the adherents of 
Mojsisovics and of Bittner used the term “ Noric Division ” 
to signify quite different horizons of Upper I'rias. Bittner 
then proposed to apply the name of “Ladinian” to the divi- 
sion below the Karnie and to comprehend in it the nodular 
limestones, the Wengen-Cassian series, the Schlern dolomite, 
Esino limestone, and Wettmstein limestone. Thus Bittner's 
suggestion was to recognise in ascending order Ladinian, 
Karnie, and Noric Divisions of Upper Trias. But Mojsisovics 
quite recently, in 1898, agreed at the instance of Sucss, Dieiier, 
and Hoernes, to discard entirely the term “ Noric ” and let 
the division fall, recognising only _ a Lower or K.arnic Diyi. 
sion and an Upper or Juvavic Division of the Last -Mpine 
Upper Trias. 

By the discovery of rich fossil localities in the Triassic 
rocks of the Himalaya and the Salt Range, the pelagic 'I'riassic 
deposits of Eurasian areas began to be das.sU'ied from a wider 
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Standpoint, The palaeontological sequence established in the 
Alps was applied to the Himalayan development of Trias with 
a few slighl^modificalions. Wcingen, Diener, and Mojsiso»ics, 
who invchtigjiled tl'uj Eastern faunas, divide<i the whole of the 
Iriassic system into tour series (Skytian, Dinarian, Tyrolean, 
and llajiivaritn), further sub-divided into eight groups, fifteen 
suh-gr«iip-|, and twentf^’-two ;;ones. * 

At the present time, the geiwal succession of *the Alpine 
Ihias may be said to he fairly definite^, hut thcie is still some 
variance of opinion regardingHhe parallelism of the Alpine and 
extra-Alpine t^ivisions. For example, there is no certainty yet 
where the Alpine Muschelkalk may be said to end and the 
“ I.ettenkohlen group to begin; whether the Wetterstein, 
I'Tino, and hfarmolata limestones and the St. Cassian strata 
may l*e referred to the uppermost horizons of Muschelkalk or 
regarded as members of the ‘H^ettenkohlen” group in the 
Alps; again* whetlier the Lunzand Raibl strata in the Alps cor- 
respond to the Lettenkohlen ’’ group or the lower Gypsum- 
Kcuper in the extra-Alpine development of Trias, 

I 

(t. IVie Jurassic Sysfen . — In the very beginning of the nine- 
teenth century the fundamental features of the Jurassic succes- 
sion had been so securely established by William Smith that 
siihse(|ucnt observers had little to amend. The JurasSic 
deposits have attained a remarkably typical and perfect de- 
velopment in England. No serious obstacles of any kind are 
interposed in the path of the* observer; no great tectonic dis- 
turbances, foldings, fractures, or high inclinations of the strata; 
no sudden changes of facies, and no gaps in the sedimentary 
Scries. The straightforward aspect of the stratigraphical rela- 
tions, together with the characteiistic lithological development 
of each individual member of the series, and the extraordinary 
wealth of fossil j^mains, has rendered England the classic 
ground of the Jifrassic system. 

William Smith at first treated the successive strata as equal 
in rank, and although he afterwards (1815 and 1817) united 
them into groups, these were not well defined and underwent 
modifications before they were received into the literature, 
('onybcarc and AV. Phillips comprised under the name of 
Oolitic series all the strata between the ferruginous sand 
(lowest Oelaceoiis) and the red marl (Triassic), The same 
geologists classifil^d t^e Lias as an independent basal forma- 

32 
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rairi* (R' Valo;i;nes) ht*twt."cn the Lower Lias and *1110 Trias, 
wiiirh tiih rwards prt)vad to he in part an equivalent of the 
scnls. » * * * « 

While it comparatively easy to determine the parallelism 
lH‘tween the succession of Oolite deposits in the North of 
and die succession in England, it was a much more 
difliruh njatter to compare tlie German and Swi^s deposits 
of t!u.‘ sa!ue age’ with the ICn^tlish types. In 1795, w^hen 
Ifiiiuhrddt Iravelltal through ilavariadind Switzerland on his 
way to rpper Italy, he descaihed a thick series of limestones 
** helween thef>Id Gypsum (of the Zechstcin formation) and the 
newer sandstone (Biintcr sandstone),’^ both i!i the Franconian 
Alps and the Swiss Jura Chain, and he applied the name of 
Limcsiomd’ to this massive development Ami Boud in 1829 
dcfuRMl the siratigraphical position of the “Jura Limestone” 
more accurately ; he limited the term to the limestone above 
the Idas an<f below the Wcaldcn formation. In the same year 
Brongniart had selected the term Terrain Jurassigue for the 
sedimetUary deposits comprised within almost the same limits. , 
Rengger, also* in tlic same year, contributed a memoir on 
the “Aargnu Jura,” under whicli name he comprised all the 
rocks lielwevii the Bunter Sandstone and the Molasse 
— practically all the iMesozoic rocks and the older Tertiaiw. 
Rengget's section through the Aargau Jura shows that ne 
never understood the repetition of strata caused by tectonic 
disturbances, and he assigned each recurrence of the typical 
limestones to a younger geological epoch. 

Similar views were shared by Merian when he first wrote 
on the Swiss Jura mountains; but as his investigations 
continued, he explained the lepetitions of certain strata as a 
result of the curvature of the crust. An important work by 
E. Thirria on the Jura of the^ Haute Saone showed that in 
the French Jura Chain the Lias was succeeded by a richly 
diversified complex of strata, which Thirria, in accordance with 
Brongniart's suggestion, called “Terrain Jurassique” and 
arranged in a mimbcr of sub-divisions. These were compared 
with the English sub-divisions on the basis of the identification 
of tlic fossils by \'oltz. The literature, however, was not yet 
sufficient for an exact companson of the fossils, and alfhough the 
attempt was well planned, there were several palaeontological 
blunders. The four chief divisions of Thirria were as 
follows 
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SiilHliv*4. Alnnit .p (vci of f^rni^^inniB rlay^ f(^r whi^h 
Thirria I't'mRi iint finil an t';|r,ivalfau. 

• <► u^Tt' fIVrIiary clvpn«iils ^rrrf.airuii>!y 

inrluiltil by Hiirri.i wifli J^hu JiiriHsic 
fornnaticjn.) 

3. Ovi‘T 200 fvvt nf rcK'k ^rr(*s|Kn 1(111^:4 with the 
( ‘lay and Portland Slomy but 

* o\hibitifiR in tiu* u|>|K*r hori/nns a lilhological 
and patoontid^j^ica! dovolopincni clifforenl 

from the Kniilifih. 

'• jp 

Sub-div. 2. About 350 fet»t of rock corresponding with the 
Kellaways Rock, Oxford Clay, and Coralrag in 
RnglaiuL 

t 

Sub'div, r. About 270 feel of rock iiuiuding five well- ’ 
marked horizons })ala*unU5l.).;iea!l^‘ <'oinpaiable 
with the Inferior Oolite, Ibilleis’ Ikirth, (ire.it 
Oolite, Forest Klarbie, and Cornbrash of the 
English series. # 

The memoir by Thirria was one of the best of the older 
publications on Jurassic deposits, although it gave no 

ififormation regarding the tectonic structure of the area 

examined. It was soon over -shadowed by the greatness of 
Thurmann’s tectonic and orographical studies in tlie western 
part of the Swiss Jura mountains. The original ideas 
formulated by the geologist of Porrentruy regarding the 
processes of mountain-making have already been mentioned 
(p. 302), In two memoirs, published 1832 and 1836, 
Thurmann gave an admirable exposition of the stratigraphy 
of the Bernese Jura. Voltz^in Strasburg rendered willing 
assistance in identifying the fossils and determining the 
parallelism of the rocks with foreign equivalents. 

Thurmann distinguished the following sub-divisions in the 
Terrain Jurassique : — 

C. Upper Jurassic or Porilani Group. 

*15. Portland Idmcstone with Exo^^yra 77>;///#7, etc, 

14. Kimmeridge IMarl of Iz; Banne, very lussiiifertiiH 
{Exo^e,yra virguhi^ JEroicras (Voi///, MyiUu^ 

Jiirensis^ etc.). 
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B, JliiM/e Jurassic. 

(if) Corallian gioup, 

13. Astarte Ligiestone. 

12. Nerinea Limestone. 

II. Coral Oolite. 

10". Coral lamestone. 

{^i) Oxford §foiip. 

9. lY*rrain a Charlies. 

8. Oxford Clay and Ivcliaways Rock. 

A. Laiver Jurassic or Oaiite GroiJ, 

7. Dalle nacree ( == Cornbrash ?). 

6. Calcaire roux sableux (=*Forest Marble?) 
with Ostrea Knorri. 

5. Great Oolite {Phijosioma eiongata^ etc.). 

.|, Marls with Os/rm acuminata ( — Fullers’ 
lilarth ?). 

3. Compact Oolite. 

2. ferruginous Oolite, 

I. Gres superliasique (marly Sandstone). ^ 

Terrain Liasiquc, — The works of IMerian, Thirria, and 
Thunnann were su[)plemented by Count von IMandelslohe’s 
memoir entitled Sur ia Consiituiion g'coiogique de PAlbe du 
IViirtcmih'rg (1836). Ylandclslohe contributed several gogd 
geological sections, and drew a careful comparison between 
tile paheontological sequence of the deposits in the Swabian 
Jura and that exhibited in the Jurassic deposits of England, 
Switzerland, and France. 

Dufrenoy and Elie de Beaumont commenced their in- 
vestigations on the French Jurassic deposits in 1825. The 
more important results were communicated in several 
memoirs, which were then published collectively in four 
volumes in the year 1838, Ten years later a comprehensive 
account of the ^Terrain du calcaire Jurassique” was given 
by tlie same two authors in elucidation of the geological map 
of France. This was for several decades the standard 
work on the "^Jurassic deposits of France. Dufrenoy and 
De Beaumont defined and sub-divided the ‘‘Terrain 
jurassique” of France precisely after the model of the English 
authors. They succeeded in demonstrating the parallelism of 
all the main sub-divisions in the French and English 
developments of^ the series, and introduced into French 
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geology tf^e English numencLilurc : C'alrain* lAntlandieOj 
Argiies Kimmeridgiennes and Oxlonlicnm-s, C 'oialrau, ('orii' 

’ bro|rh, Grant^ Oolite, t;tc. same iiiia; thtf vaiied ihc 

English nomunclaturc on certain points , win tc llui French 
development differed in any markcil dtgrrt' frnnifhe EngFMi. 

The General Survey a/ //a ( h'<g/v/Acv ievJ 6Ve,. a/.v AV/h- 
//ms of jYoriJulles/ern (/eru:a?{\\ a sMgk piiLli.>hiH! in 
by Friedrich Hofinuinn, dyseriluHi the Jurtis-ci: *is:a'c<*NNiun 
in Chat district in givaljr-r detail thaii a prc\itms « outrilnilion 
by Hansmann (1824). Roenieis Korh, and iHinker made 
the German Jurassic fossils the subjeri of i^aLcinUological 
monographs, ancF their results, taken in i oiyunciiijn witli the 
geological map and sections o! Hoffmann, hlujwu! that the 
equivalents of the English Jarasrce formations ware well 
represented in KorthAVeslern Germany. Tims it Si’citH^I as if 
the English devclopinent of l!u‘ Oolitic aui! faasda: i«<rinalioiss 
could be regardeil also as a sUuulard for tlm l-afting featuri-s 
of the Terrain jnrass/que in France, Swit/erluHl, and Xouh 
Germany. 

* •“ While it was Thurmann wim proviticd the eliie to the* 
stratigraphy and tectonic structure of the Eerncso Jura 
mountains, to Grossly l)elongs the credit ai having few" tlic 
first time elucidated the lithological and pai;eu!itoIoglra! 
vfriations displayed in adjacent hxaiiities by deposits of the 
same geological age. Grossly was the founder of the ieadt-. 
ing regarding rock facies, which afterwards played sudi an 
important part in the unravelling of Alpiiie stratigraphy. 

In his investigation of the Solothiirn Jura, Gressly^\lid not 
confine himself to the determination "of the dmonological 
succession of the Jurassic sub-divisions, but traced " the 
horizontal extension of the different memt)ers, ilc soon 
became convinced that each pt^ticular petrographical develop-' 

^ Amanz Grcssly, born 1814 la a remote valley %ear Laafun, in the 
Jura nmuntams (Canton Solothurn), uas intended fur the Chuudi, and 
studied pn Solothiirn, Lucerne, Freiburg, and Strasluirg. SdnntlakHl by 
his social intercourse with Voltz, Thirria, Thurmann, and Agassiz, lie 
devoted himself exclusively to geology, ami es|R'da!ly |y the rlvcarch of 
the Jura mountains. From 1S40 to 1850 he geologised in the Scdoilimn 
Jura region,^; he supplied himself with means by the <')ccasioiial 
opportunities of delivering expert opinion, drawing up technical esliiiml&s 
etc. In i 8 S 9 he was sent by his patron Desor to Cette, whmc he UiKlied ' 
the mode of life of marine organisms. In i86r ho look part in the Betm 
Expedition to the North Cape and Iceland 5 he ^ied fa 1865 
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iiieni of faries of a ^^culogical horizon was charackirised by a 
parlirtiLir kind of fauna, and that curtain genera and species, 
however fi%qiienlly tliey niiglk occ'iir in son>iS lithological 
deposits, entboly excluded from rock-deposits of the 

.same age, but with a different lithological constitution. 
Chcssly destwihed in great detail the various forms of rock- 
fm'ies wii^elv occur im the vSolothurn Juia (mud ^cies, coral 
facies, spemge facies ; pelagic, suJb-pclagic, littoral facies, etc.), 
!iaine<l the fossil types which were cffhracteristic of each,*an'd 
judging both from the minei'al constitution of the rocks and 
the fossil org#nism.s contained in them, ho drew conclusions 
regarding tlie mode of origin of the respecti\1i rock-formations. 

llie differences between littoral deposits, shallow-water and 
deep-sea dt ‘posits were distinguished, and also the variations 
exhilfited by tleposits accumulated in the open ocean, or in 
partially enclosed iKbins. Examples were likewise given of 
tran.skional^ or passage beds in areas connecting any two 
characteristic facies-dcvelopmcnts. On the whole, Grossly 
found that the facies variations in the Solothurn Jura were^ 
insignificant in the Triassic, Liassic, and older Oolite depositf, 
but were extremely important in the INIiddle and Upper 
di\isions of the Oolitic series. {Observa/ions ^cologiques sur 
ie fia a Sobunns^ 1838-40-41.) 

r>y a remarkable coincidence, a French geologist arri'ftd 
Jtiieorelically at views closely re.sembling those demonstrated 
!)y Grossly in tlie field. Constant Provost, in 1838, contributed 
an article to the llulletin of the French Geological Society, 
wliich liad special reference to a previous memoir by 
Prestwich. Pievost explained how in each geological epoch 
there must be contemporaneous deposits of pelagic, littoral, 
Iluvio-marine, fresh-water, and terrestrial origin, replacing one 
another locally. Hence the gnere lithological character of a 
rock-deposit could never determine its geological age, Prevost 
also elucidated Che coirelatiiin of the faunal types with the 
various kinds of depo.sit Calcareous deposits would, he said, 
always containr other forms of organic life than arenaceous or 
argillaceous deposits ; on the other hand, deposits of the same 
lithokigical character, although of different geological age, 
migiR c'onlain very similar fossil types. As an example of the 
varying constitution of contemporaneous deposits Pr<^vost 
cited the coarse limestone, tlic siliceous limestone, and the 
gypsum of the illris basin ; while he illustiated the occurrence 



I 


$04 lllSTuUV Ul imjhOi'tX I!.f 

iif ^i^^l;lr rcnwin'i in uf iliiYcri nt Jipc 

Iml iln? .same lithuU^aical dairaftei, by refenini^ lu ilit- lipnite 
• forn^tlinn> liel^nv and alutVi: flit^caarsi* C'# i!ic Faris 

!)asin and in the I sir of Wj-ht ^ 

Grvssly wa.s so stroi\4ly impri’'-M'd with tin.* \arfa 1 lf!ify t>f ro<, 
considered in hori-^.mUal sueeeHsion that he discpiinteiKinccd 
the prevailing endeavour Uj iilenlify in al^ilie erllur Miiropcan 
areas the sailic pakeonUdogical^uul lithological st'^iueiTce as had 
been* esUthllshcd for Engiantl In bis (spinion this fallacbiis 
method was preventing the foreign gcfdogisis from arriving at 
a true cotiL'epiiim of the characteristics of the jiyfassic succes- 
sion in their own ^unlrics. 

The coniinental stiuly of the Jurassic system received a new 
impulse when Leopold von Ihich published his remarkable 
memoir^ Oh f/i€ /Hrassft* /Ohio* in f/Vma/zr (iHjyk In yiort» 
clear sentences Leopold von lUich skia,cheil the extension and 
the orographieal character of the South Gennaii Jitfa. Above 
the Idas, which spreads everywhere h<*low the higlmr Jurassic 
rocks, the northern edge of the Swabian and Franconian Alp 
\»cends sharply from the plains in front Isolated Jurassic 
hills rise amid the plain like island masses. This peculiar 
configuration, in Buch’s opinion, is not a result of a subse- 
quent movement of elevation or of advanced denudation, but 
is 3l5Sociatcd with the conditions under which the Jurassic rocks 
originateti He compared ike present conjiguratwn with ike sitrp 
outer slope of a coral reef, and expressed ki$ conviction that ike 
SwaMan^Franconian Aip represents ike remains of suck a reef. 

The tectonic disturbances, foldings, and anticlines in the 
Swiss Jura were said by Buch to have been connected with the 
Alpine upheaval ; the origin of the Franconian l^ubmitc was 
traced to the occurrence of a crust-rupture extending parallel 
with the Bavarian Forest, into \\;hich, according to Buch, sub- 
terranean magnesia vapours e.scaped, and !)y cTemical inter- 
change the white limestone in the neighbourhood was coiiverlcd 
into dolomite. 

Buch sub-divided the Sooth German Jurassi?^. deposits into 
three chief groups : — 

3. Upper Of White Jura, 
a 2. Middle or Brown Jura, 

I. Lower or Black jura (Idas). 

A short description of each group was given liy Buch, 
and a comparison drawn between the ijJoulh German strata 
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and tliose similar age in England and France > at the same 
time Ikich e\|nessly staled that in con^^idcration of the many • 
contrasts ^x-sented In’ the Soigli tk*rmanTacies,Jjoth pala^nto-* 
kigically and liihcjogically, it is very undesirable to attempt to 
apply the' leliglish nomenclature. It was shown that the three 
leading gtoiips might be again sub divided into a number 
of paheontf^logical i^cones characterised by cerhfin definite 
leading fossil types Leilmus(iieln i 3 uch concluded this 
interesting work by an enumeration Sf one hundred and two 
carefully clcscribed species (jf the leading molluscan types’’ 
charac:teristi%of the successive rock-horizons. 

The foundation was thus laid for the geology of the Swabian 
and Franconian Jura by lUich, but the main structure was 
built up by In A. (Juenstedt in after-years in his memorable 
treatise /Arj J/V»/c7//Av;g^ (1843 'Fhe 

three chief divisions of Buch arc sub-divided into sub-groups 
and zone^ according to their pctrogniphical development 
and paleontological features, and the zones are distinguished 
by letters of the (Ircek alphabet. In tliis way the Lias^ 
and the brown and white Juia are each of them resolved 
into six zones, the oldest of which is designated as a, the 
youngest as Quen'^ledt’s eighteen zones of die Wiirtem- 
l)erg development of the Jurassic system have since shown 
themselves to be well founded, although they are not alF of 
j2il\ial pakeontological value. Clearly Quenstedt, for the sake 
of symmetry in the number of zones, defined some of them 
witliin rather narrower limits than others. 

It was a great deficiency in Qiienstedt’s work that he bad 
made no attempt to describe the tectonic structure of the 
area, or even to show by maps or sections the stratigraphical 
mode of occurrence of the strata. In i S53, Quenstedt remedied 
this by publishing a typical g4;ological section of the Swabian 
Jura carried out by his pupil W. rfizenmayer {Zeifsek d, d, geaL 
Ges,^ Taf. xvL). f 

Hie work, however, which gave Quenstedt a pre-eminent 
place in thc«ll of fume was that which appeared in 185S 
under the simple title of JJrr Jura. In it Quenstedt ^gave a 
marvellously attractive exposition of the results of his nineteen 
years’ researches on tliis formation^ the descfiption and 
illustrations of the fossils in JD^r Jura are excellent, and the 
keen and accurate observation even of the most concealed 
features calls fofth the highest admiration. The work found 
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wide rireylttiun wm profc^s^iicial ant! rreatecl 

S IKipiilir iiiUiv>l in u ihai?LS XnninmM i‘'illertni‘; and 
dik'tt»tliti*^ iheij •mrand over #a,iin, and 

triijd to apply tlu' i'juu! uuih^i'.X of anj*i^4e!iHi'4 ilirir 
pariirular rollertion*'. And ih(t faunvit^ of tlie nii;,!!dM;nli‘Hti! 
Were .so \u’ll^lraincil ky tptn.'nvtvdl nut la tmalu* 'k#aisy «»! lln* 
fossil riiiicsiluU nii^ahl hupp- n to In* t’Sptustal in ihr ynii'M* of 
field cttillivatioix they 1 h'« auu- <|^ite profjrivnl in icliitifyinj^ the 
fossils and in uTcranisinji; Ihe individual /.ones by ikhicnsicdiX 
desi|4naiioiis, 

(Juefnsledt gavt? little huu! In the riglits of pri#i1iy» and on 
account of his nngh'ti of the formal rides in paleontological 
science came into condict with I JXhhigny* Kcilticr did Queio 
stedt care to institute a close paraih'lisin between tlu' Knglisfi 
and hreniii Jurassic ftjrnuUions and those in Wrirlemherg#', he 
merely indi<'atcd the correspondence of the main .su!>'i!ivisions 
in Wurlcmherg with similar groups in the adjaccnt^aieas, and 
on principle refused to use the ihiglish termincdfjgy fur the 
«t^uencc of zones which he had established for the Swabian 
Jurassic system. ♦ 

A much broader standpoint of paleontological investigation 
was assumed «by the far-travelled Alcide d'Orbignyd His great 
des^e was to establish a universal stratigraphy upon the chrono- 
logical basis supplied by paleontology. Not only in ail pails of 
France, but also in the other countries of Europe and in Nortlu 
and South America, D’Orbigny thought the same sequence of 
fossil remains could be identified, and he argued that the age 
limits of the formations (Terrains) and stages cjf deposit could 
be determined over the whole surface of the eartli by the 
universal occurrence of the same leading pakeonlolugical 
features. 

According to D^Orbigny, eacly stage of deposit possesses fis 

^Alcide Dessaline d'Orbigny, bom on tie bib ylylenJicr iXe, iit 
Couer.on (Loire Infeueure), leceiveU his early ftlucauosi in La 
and devoted himself very eaily to ?oolngical and 

In 1826 he was sent to South Ameiica by the Miutnun in Tah-i, and 
brought txick with him splciulitl c<»;!ectious zooirgiral, gU'Ealcaf 
geographical, ethnographical, histoiicab and aivlHoohjgi/.d inlere^^L 1 he 
results of ihisTairncy were aftetwartb piihbbhctl in a M‘ntpu,‘hcn^i\c' warlj:. 
His later works deal with paleuntol >gical and stiMUgrap!i:ca! 

In 1853 B'Orbigny was appointed Liok‘>^or if I'.iP ?J tlio 

Museum in Pads, the Piofe.^sorship being e^iab!i|jHnl tsphidly Pti 
him; died on the 30th June 1857, at Pieueritle uCar yliut 
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faiiuj, w!ii»^h uws ^ it*; oii^uin tn a a* I of 

rrualioij, and h al. *o]y di^J:n,4n:>h./o]r iumi lln,* pfrot/clinj^ and^ 
sill rtvclii% fauiiiL*-. It liaopa4i-*in i.ar f-asrs yial arc 

ciiiiliriia, d inti* ayayarr <ujia|C('Xof .strata tiara lliat in wliicii 
they ioi4< i^rLdn^ dat |]a?«* r*. o* rur imly whm the higher 
!,lra!a sii*'<v‘d lonaannshly r.|.on the linua, in <?lhcr words, 
will'll ny ili 4uihaara- has taki n p^air between 

the tw'o iHoimlN ot dqui^iliun# 'Thus U'inbiany tlioiighl il 
pos^^ibie to base sUatigrapliy wlaJ^ly u|’.on p.iheonUilisgiral 
IViiluriO* mole ehp'*ria*.ly iffiun tin* ureurrnuai of Mullusca, 
Jviiiiiiudcni^la, and Chelenlti/aa. 

ile cotiiuieiired a grait palei ‘ntoliigir.ll work, which was 
inteiulcd to sapply a d’\^rriptiou of all the fo.^Nil forms in 
Fniiire belonging to these three divisions of the animal 
kinp^Iorn, The gigantic scope of the wmk was too much 
even lor sueli an enthusiastic worker as li'i^rhigny, lldween 
1K40-55 s^'cral volumes of I fOrbigny’s /Wrc/z/c/cx/r /wwya/M' 
appearc<h comprising discriplions ot the Jurassii* and (Iretaccoiis 
(Jcphalopotls, part of the (Gastropods from tlie same twi^ 
systems, ant! the Ihvtaccous bnu'hiupods ant! I Ii[ipurit?‘Sj 
inegular Fehinids, ami i>ryt>/ua. In two other works, tlic 
ICAmt'^ifurv CGv/r.u c/' yh.Gc w/e/'»ar (iNp^-52) and the /’/a- 
// 5b*e//bcc/d7bo' 7’icbv/<’/f7Gg'y { 185^-52 1, D’Orlimny 
elueidated Ins ^ubi^ivido^ (if straliiled rocks and Ins view? on 
^straiigraphit'al getjltJgy. 

He dibbled fos>i!!reroiis rw'ks into six* periods or Terrains, 
and KiilMlivided the first five periods into twenty seven groups 
(elages). lie seleeicd the names uf eliarameriMic localities for 
the designation of the groups of >irala, and followed 'riuirmamfs 
example in adding the affix ‘‘ieir’ to give uniformity to the 
series. D'Orbigny was thoroughly familiar with the ^lescwoic 
faunas but knew less about# those of other epuiiis, and he 
made the mistake of assigning to the Meso/oic faunas a nuich 
greater signific.liee in his stiatigraphieal suecession than to 
the i'alieo/.oic or C aiino/oic faumir*. He disc'arded the terms 
Fakeozoic, Mtso/oie, and Ckiino/oic, and assumed an equal 
value for the lw'eiUy%seven succe.sslve groups which he 
distirigui.-iiicd. In marordance with his sub>di\isio!j of the 
lock-siicce.ssion, D'Oriagny supposed that orgaftic creation 
had been completely renewed twenty»scven or Iwcnly'eigtU 
limes* 

The chief mSrii af IbUibigny’s works 1$ tlreir remarkable ♦ 
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precision an4 lucidity of statement, which iJpmrd liicir cici- 
tents to geologists of all nalionalitu s, aiui (iiahlMl Fmii ti 
*^xert*.a great influence upoh 1 1 is /Vh 4’i0*hc;> 

FraH(ais€ is a work of the fu^t lank, and ^ifler 
death the F'rench (k*ological Smiety resolved tn f^aiinue ti, 
Colteaip Deslungehainps, iheU^e IH* Lori««l .nul^Jd'unaiitrl 
added special poi lions, l>nt fuially tin* ?.eh<^ne lire! tu be given 
lip for lack both of the means of s«‘ientila' u<trkeiv 

Dhlrchiar, who succeeded 1 1( )rbij^fsy as of Palae 

ontology in Paris, was tlun-uiighly ver?^ed in the geology of the* 
French Jurassic deposits, and in the sixth mul seventh volimirs 
of his history of the progrttss of getnogy he gave an exliauslivii 
criticism of all the publications c>n these de|nf<i!^ which had 
appeared before the year 1856. I )k\rchiac: t.ilo r* the Fnglish 
development of Jurassic rocks as the basis th CMinpraison.^aiM! 
tries to bring the obseinaliuns in all oilier pa:ls ul tlie wofid 
into harmony ivitli the main subdivisiojH es!n!»li,'dfn d in tlie 
IJnglish series. At the same time, he agrees with I Hifrenoy, 
Elie de Beaumont, and D'Orbigny in assuming it to !)e quite 
jntpracticalde to carry out any comparison of ilytailed /amai 
sequences in distant localities. 

As Quenstedt had not attempted to compare the Swabian 
development of Jurassic rocks with tlie sui*ri‘Nslnn in edher 
coifhtrics, some of his students made a special stmly of the 
comparative stratigiaphy and pake^mtology. (>. Fraas inui'lled 
through France and England, and afterwards cuiUiilHited a' 
memoir to the AV/o’.? Jalirbi^ch in 1K50. He establislicd the 
parallelism of many of the zones by means of fossil identifica- 
tions, and at the same time gave a careful account of the 
differences of the local facies, and Mipporteil (kcssly and 
Quenstedt in their view that the local Ihiglisli names shcmld 
not be applied to other areas.,. While Fraas smmeeded in 
demonstrating that the Lias and ** brown jura'* of W'lirtenihcrg 
were represented by synchronous formaliJ|K in France, 
England, and Switzerland, he expcriencxal great difficiiliy in 
finding an exact equivalent for the ‘A\!dtc of Wihtcm- 

berg. 

What Fraas had only indicated in broad featiiivs, Albert 
OppeQ another student of Quensletifs, workeil out in detail 

^ Albert Oppel, born 1831 at Uuhcnhtnnu .sUitlii'a at ilte Falyicvleile 
School in Stuitgart and under Qucn^ledl in Tubingen; in 1854 aiul 1855 
travelled through France, England, S\vit/.er!and, «iul ifi’riiwny, in oideflo 
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Til thp roiirfj* of a local ^liidy on the ^Middle Lks in Swahiaj 
Tii; pmvcd himself to he an e\ct‘ll»*nt observer and able pakti-'^ 
onluk^l^i*#. Ik* tlseii \ id toll tile kininus Jtii^issic ^ncmlities 
in Ikanri* and K*Ja*!and, and etakatvoured to coni^iarc not only 
the main sub division^ hut aho tliu smallest i;roiips of strata in 
tint differnM areas hv iiuvans t>r ihtf fossil species occurring in 
them, ^^etting addni all lithtilogieai features, Oppel dctiuceti 
from his observations a s<‘ri#s f>f paleontological hcjrizons 
whirh he It'rmetl Zwor, each f>f whifth represented the definite 
agedimit of some liMiling frissi! type or types. A he 

says, r/i§rarfm^srJ as a (ft'/iul/e Iiarkm /iv ^ke 
mnsiant mrurrsNse /;/ if*a/ fitiain spsdt's ^»///r// da not asear in 
Hie or simred/nt^ 

Oppel acTe*pied Butths division of the Jurassic system in 
thriH? main groups as the foumlation of his own detailed sub- 
division. lie retained the English term /Jas for the lowest 
division, ffl'oposed the name /hqi^er for the middle division, 
and Afaim for the upper division. These names had already 
!)een used in Ihigland for rocks of different age ; and 1 )’Omaliit^ 
Halley had applied Afalm to a division of the OetaceSus 
fiwmaiion. I'lic three main groups were sub-divided by Oppel 
in e*ight zones, which agree in the essential featui'cs with those 
.suguested by I )‘i )rb:gny, and for which he retained D’Orbigny's 
nuniendatmc. He, however, modified IVOrbignyls zones in 
^ so far as omit the "H'omliien" anil Portlandien/^ on the 
ground that they Wi*re local facies of the “ OxfordieiH* and 
‘ Rimmeridgien.” OppeFs sulxlivision of the whole Jurassic 
system emhraaes thirty-tlireti zones, each of which is charac- 
terised by a paiticulir foN<ii type. 

OppiTs admimble work, published in 58, was received 
very favtnirably throughout Clermany, France, ami England, 
the cordiality of tin? reee|Aion being not a little increased 
owing to the malerd! regard in which the author was held. 
In France, iiArehlm: took objeetiim to certain points, 
but Jules Marcou, always ready for a scientific debate, lent 
ardent Mipf^l to ( Ippel, and the controversy soon collapsed. 
I^Iarcoii had pr(‘viuusly published a local monograph 011 the 

Jura near Falins (iKgS'i. In it he had accepted the division.^ 

• 

fATO|uro the Jsu.,o4e ahv anatbci ; i» 1858 \^as ailaclefi lo 

tilt' Maf'f aI !lic‘ IvJi* nCtTAgkwl in Munivh, in i860 was appeinfefi 

PrcfVv^Ar ef lA!j^'‘rUA|A'-»y, nn>l in 1S61 Dimmer of the I’alivonlelngiral 
O»llrctson in Mninch ; tiivd in iSujj fiAin lyphASil fever. «r 
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of Thiiria cwd Thurmann for the most part, but had also 
• introduced seveial new names. Marcou had distinguished 
twentf'Six suUgroup5 which* \^ry nearly corres|»nd wiih 
Oppel’s 2 ones, but he had named his sub gro^ips not according 
to leading fossils, but from the names of the locafities where 
they were well developed. It was not altogether surprising 
then that Jvjarcou should raise some dt^ihls regarding the 
nomenclature proposed by Opj^ih The letters which lie wiote 
upon this subject are of ititerest for their clear representation 
of the state of Jurassic research at the time, and for many new 
ideas about the distribution of the Jurassic fosses. Marcou 
referred to the Valuable researches by Edward Forbes, 
elucidating the differences of marine faunas in the present 
time, the confinement of certain faunas within definite 
geographical limits, and the occurrence of particular typt^s at 
definite ocean-depths. Applying Forbes’s principles of bio- 
logical provinces and bathymetrical horizons to the Elucidation 
of the Jurassic faunas, Marcou drew maps showing the probable 
distribution of land and water in the successive Jurassic eras, 
an^ trying to determine the chief biological provinces in the 
Jurassic Ocean. He distinguished eight Jurassic provinces, 
and correlated their geographical position with three “homo- 
zoic” climatic zones which had exerted an influence on the 
distribution of the organisms. 

The work of Oppel has undoubtedly exerted a marked, 
influence upon subsequent stratigraphical research. Although 
many geologists could not feel convinced of the universal 
application of a sequence of palaeontological zones, the exact 
method pursued by Oppel gave an excellent precedent, and 
the study of the local developments of Jurassic deposits was 
renewed with fresh vigour. A student of Oppfil’s, W. Waagen, 
endeavoured to identify the same zones in Franconia and 
Switzerland; the name “Jurassic System” was generally 
adopted after the publication of Oppel’s worl| and numerous 
memoirs appeared wherein the older groups were subjected to 
more detailed examination. Buckman thoughl3*«iL possible to 
sub-divide the English series into even more limited horizons 
than were represented by Oppel’s zones, and sub-divided the 
latter into ‘•Hemerae,” each of which was characterised by a 
typical Ammonite species. 

The Jurassic deposits of the Alps, the Pyrenees, the Apen- 
-^nines, the Carpathians, the Balkan mountaifis, the Iberian 
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Peninsula, and Russia, were comparativ*ely laje in being 
examined and surveyed, and it seemed scarcely possible to® 
determinc^tbe parallelism of the»facies m these areas wi^h the 
Jurassic deposits of Nortl>- Western and Central Europe. In 
the Swiss Mps, geologists have identified the age of the larger 
Jurassic gro^ups, but have not attempted a detailed comparison 
with the extra-Alpin^ zones. In the Bavarian, Atistrian, and 
Italian Alps, as well as in the Apennines and the*Carpathians, 
the Alpine facies is also fundamentaUy different from the •extra- 
Alpine, but it has been possible to identify locally some of 
Oppel’s y^on^. Alpine geologists invariably try to recognise in 
the Alpine xrias the equi^^alents of Oppel’s^chief groups, Lias, 
^uid Malm, 

No serious attempt has ever been made to apply Oppel’s 
zoni^l nomenclature in Alpine geology. It has been customary, 
especially in Austria, to designate the various sub-divisions 
with the immes of localities (Adneth limestone, Gresten, Hier- 
latz, Allgtiu, Vils, Stramberg strata, etc.). 

After the controversy regarding the proper systematic 
position of the Avicula contorta zone or Rhmtic group Imcf 
been brought to a fairly satisfactory conclusion (p. 479), con- 
siderable discussion began to be raised about the proper limit 
between the Jurassic and the Cretaceous forniations. In 
France, South Germany, and in the Swiss Jura there wa^no 
difficulty, as the uppermost numbers of the Jurassic system 
"^(Portland and Purbeck strata) are well defined both petro- 
graphically and palseontologically, and the limit between these 
horizons and the Cretaceous formations can be readily deter- 
mined. On the other hand, in the south of England, North 
Germany, and Belgium, a fresh-water formation (Weald clay 
and Hastings sand) is interposed between the uppermost 
Jurassic and the Cretaceous horizons, and creates a difficulty 
in determining the precise limit of the two formations. Man- 
tell united theg fresh -water formation with the Cretaceous 
Greensand; WeWer and Fitton combined them with the Pur- 
beck strata, 2^ regarded the group as independent. Sir Richard 
Owen and Robertson drew attention to the similarity of 
the Purbeck and Wealden faunas with that of the Stonesfield 
slate, and placed the Wealden in the Upper Jurassic division. 
6lie de Beaumont supported the other view, that the Wealden 
formation was an equivalent of the “Neocomien,” and 
Forbes, Lyelb Topl^^y, the Geological Survey, and most of^ 
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the English* geologists assigned the Wealdeii fonnation, ex- 
^elusive of the Purhcck strata, to the Lower Crclaccfies 
*hori»ii. • * * « • 

The definition of a limit has prove'd cvc% more difficult in 
the regions with Alpine facies, where there is no lltora! series 
of passage-beds from Jurassic to (Iretaceous liori/j^is. Marine 
strata of U^per Jurassic age are frctpionyiy covered ^conform- 
ably Jiy similar deposits of I#ower Cretaceous age, and any 
line of separation seems^at first sight necessarily of an ar!)i- 
trary character. Oppel* in a contribution to the Zeiisdnifi in 
1865, opened the (piestion of the J urassicCrctac^’Oos limit in 
the Alps. He comprised under *hc name of ^^Tithonian 
Horizon a number of Alpine ancl Carpathian depo.sits (the 
Diphya limestones of South Tyrol, the Northern Alps and 
Dauphine, the Apiychus shahs, the upper mountain linmione 
of the Northern Alps, and the Stramherg strata), together with 
the lithographic shales of Bavaria and NusplingdR, the Tur- 
beck and Portland strata of England and the Noith of P'rance, 
^and on the basis of their peculiar Cephalopod fauna classified 
t!ie Tithonian series as an independent group of strata between 
the Kimmeridge and the Neocomian horizons. Regarding the 
precise systcinatic position, Oppel seemed to incline rather to 
the inclusion of the Tithonian group in the Jurassic system. 
An enumeration of one hundred and seventeen Cephalopod 
species, most of them from Slramberg, Rogoznik, Soutl^ 
Tyrol, and the lithographic shales of Franconia, affords the 
evidence upon which Oppel erected the Tithonian horizon. 

Long before OppeFs paper, Beyrich had in 1844 drawn 
attention to the relations of the Klippen limestone and 
“Stramberg limestone”; and Stur, Hauer, Hohenegger, and 
Suess (1858) had identified both these limestone forma- 
tions as Upper Jurassic, whereas Zeuschner (1844-48) had 
assigned the “ Klippen ” limestones of the Carpathians at first 
to Upper Jurassic, then to Neocomian, and kfi stated that the 
fauna was a mixed Jurassic and Cretaceous fauna. 

Benecke showed, in his able work on thc?^Triassic and 
Jurassic deposits of the Southern Alps (1866), that two faunas 
are contained in the red Jurassic Ammonite limestone, the 
younger of* which contains Terehutuia diphya as the leading 
fossil, and a number of peculiar Ammonites. The older is 
characterised by Ammonites acanthi ms and other Upper 
^ Jurassic Ammonites. Benecke paralleled bdlh horizons with 
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the Kimiiieridgc group^ Similar results were afterwards ob- 
tained by Stache, Mojsisovics, and Neumayr in ‘an examination 
of the ^‘^lippen” limestongs ^n the Carpatjnans. "Chese* 
geologists placed^ the Aiftmo7iife acanthiais strata with the 
Upper JurailSic, the Diphya limestones with Oppehs Tithonian 
horizon. ^ 

The pi;eniature de^h of Oppel prevented the completion of 
the series*of investigations by meg.ns of which he had intended 
to establish the Tithonian horizon on'^ secure palaeontological 
basis. The material was afterwaids e^Jlimined and described 


in a series of^spccial monographs* by Zittel, Bohm, Cotteau, 
Miss Ogilvie, and Zeise. Vittel limited the term “Tithonian” 
to formations of Alpine facies, excluding therefore the litho- 
graphic shale and Portland limestone, and he regarded the 
Tithqjnian complex of strata as the equivalent of the Purbeck 
and Wealden strata. 

Whereas ^ppel, Zittel, and Benecke expressed themselves 
more in favour of the Jurassic age of the Tithonian hori- 
zon, Hebert attributed great weight to its affinities with the 
lowest Cretaqeous deposits in the south of France (Berria's 
strata), and even went so far as to place the Stramberg strata 
in the Lower Cretaceous. Many eminent geologists have 
taken part in the discussion within recent years, and the 
opinion now most generally held is that the lower portion of 
the Tithonian group is the equivalent of the Upper Kimnier- 
iSge horizon, while the higher portion of the Tithonian group 
is parallel with the Purbeck and Portland strata. 

New discoveries by the Russian geologists have lately en- 
riched the knowledge of Upper Jurassic faunas. In Central 
Russia, marine deposits of Lower Cretaceous age succeed dark 
argillaceous strata which represent the whole Upper Jurassic 
series from the Kellaways zo^e upward. The fossils of the 
Moscow and South Russian Jurassic deposits are now being 
carefully examineij by Trautschold, Pavlow, Sinzow, Lahusen, 
and Nikitin, and the so-called Volga group has been identified 
as an equivalci^of the Tithonian Alpine formations. Oppel’s 
students, Neumayr and Waagen, tried to develop the zonal 
aspect of geology more and more, and to apply it in foreign 
parts of the world. Waagen’s attempt to demonstrate almost 
all the Upper Jurassic zones of Oppel in the Jurassic strata of 
Cutch has been contested by Kitchin and Notling. 

Neumayr advmiced tlie palaeontological knowledge of 

33 
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cal provinces the ,r_a Mediterranean 

vinces were distinguished by Ncuma}r , 

sr'i-ii s„“ss'>T 

(1897), however Asia Minor, and Persia is rather 

the south-eitft of d°na the geological con- 

SSSoVSI «y- 

H Cretaceous System.— deposits which are now com- 
pSd mZ the of .he Cre..c.o»s 

V‘‘"ir?„%tSiTo”vid‘S"io S”a.ic type, 

the rocks in ^rea developments in 

according to arranged. The remarkable differ- 

ScS ‘ShoTal lit'hotogiol ond pal«ontol»!ical f“ mdo 

i. „««oly d»o«'t to rocoi^e o^^^ 

ISttel HenSS geological k.iowledge of this >ystem 
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in CentraJ and North-Western Europe, and in 


^ In Geriiany, Charpentier Jn^iyyS cfislingiiished Miner^ 
limestone and Qi^ider santlstone in his geological map of 
Saxony. Warner and his pupils placed these formations 
amongst th^, younger ‘‘Flotz” series. William Smith had 
recognised in England four strata between the London clay 
and the Portland stone : ^ * 

4. White Chalk. ^ ^ 

3. Lower or*Grey Chalk. 

^ 2. Greensand. 

I. Micacd)us Clay (Brick earth). 


In Cambridgeshire, dark plastic clays occur below the Green- 
sand, jind Michcll had in 1788 designated these as or 

Ga/f; W. Smith called them Blue Mark Conybeare and 
Phillips subdivided the series into two groups : 

2. The Chalk. 


f 


I. 


\d) Chalk Marl. 

(c.) Greensand. 

(A) Weald Clay. 

Ifil) Ferruginous Sand. 




# 


The White Chalk ^as early described, and the similarity'^of 
hs lithological and palaeontological features established in the 
south-east of England, the north of France, Belgium, Denmark, 
Sweden, North Germany, and Poland. D’Omalius d’Halloy 
traced the formations of the Paris basin into Belgium, dis- 
tinguished four groups of deposit in ascending order, (a) grey 
clay, {b) sand and sandstone (Tourtia), (c) chalk marl, (i) chalk 
and flint, and comprised these in one formation, which he 
named “Terrain cretace.’' In the same year, 1822, Brongniart 
and Cuvier published a detailed description of the deposits of 
the Paris basin in^the second edition of their work, Rkherches 
snr les osse?nenis fossiles. After a careful comparison of the 
French Creta^'‘4;ius formations with the English, Belgian, and 
Scandinavian, Brongniart added a description of the chloritic 
Cretaceous deposits of the Savoy and of the Perte du Rhone, 
near Bellegarde, together with an enumeration of •the fossils « 
occurring in them. 

Another work of that year which considerably advanced the 
knowledge of CretacecRis rocks was that of Gideon Mantell on ^ 
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The Fossils^/ the South Doimis^ or Illustrations of the Geoio^i^y 

of Sussex, Lifs^e Con) hearc, he clistinguisbed two foimations, 
Gre^^nsand a^d Cd«lk, cadf of which was divide^! into sub- 
groups. The Blue Marl (Gaul? oi* Malm) m IMantcirs system 
foims the lowest horizon of the Chalk deposits, M\d is said to 
be superposed upon the Greensand formation ; in the latter 
Mantell iifdudes the various horizons of the true Greensand, 
the Wealden or Oak-tree Qays, the Tilgatc beds* and the 
ferruginous sand. An •atlas, with forty-two plates, contains 

a geological map of •Eastern Siissex and several geological 
sections, also sketches of • characteristic landscapes in the 
^Cretaceous area and illustrations %f the fossils belonging to 
the successive horizons. The best portion of the work is 
MantelFs description of the thice lower horizons of tlie 
Greensand formation, which had been in 1S28 designated as 
“Wealden formation” by Martin and Fitton. Mantell after- 
wards discovered skeletal remains of Ignanodon, Mylmosaurus, 
and other reptiles in the Tilgate strata, and otherwise con- 
. tributed very greatly to our knowledge of the fauna and flora 
Gf the fluviatile Wealden formation. 

In Yorkshire the lower greensand, and pefliaps also the 
Wealden hprizon, is replaced by clays and oolitic ironstones, 
to which J. Phillips gave the name of Spec ton Clay. The 
pJrallelism of the argillaceous and ferru^^inous series of York- 
shire with a similar marine facies of Neocomian deposits in 
Russia, has recently been made the subject of combing 
investigations by Lamplugh and Pavlow. 

W, H. Fitton was the first to arrive at definite results re- 
garding the stratigraphy of the older Cretaceous deposits in 
England. His paper, entitled Observations on some of the 
Strata between the Chalk and the Oxford Clay,” was read at 
the Geological Society in i <82 7^ but not published until 1836 
in the Transactions, In it Fitton retained both sub-divisions, 
Chalk and Greensand, but assigned the flpfer Greensand 
layers of Blackdorn, etc., to their correct .stratigraphical 
position, and recognised the Lower GreensaaJ^ as the base- 
ment beds below the Gaiilt, Numerous sections, a geological 
map, and lists of fossils accompany the accurate and funda- 
mental observations of this geologist. A combined woik, 
published by Buckland and De la Beche in 1830, contains 
valuable information regarding the stratigraphy of the (!rc- 
, taceous formation in Dorsetshire. r " 
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The Quader Sandstone and Greensand in No^h Germany 
weie united with the White Chalk by HofFihann in 1830, ® 
and recogi«sed as the equiva]j^en 1 :s of th(? Cretaceous system.* 
He compared ihef^Qi^ader Sa/idsfone with the upper and lower 
greensand deposits ; the marly, calcareous, or siliceous rocks 
between Quocler Sandstone and Chalk in North .Germany with 
the Chalk Marl of tie North-Western basin; ihe*grey, earthy 
marls and %ohite chalk with the^Lower and Upper Chalk of 
England. ♦ 

The discovery of older Crertaccous defiosits in the Swiss Jura 
mountains wq^^ an important step'in advance. As far back as 
1 803, Leopold von Buch h*d drawn up a veiy^detailed catalogue? 
of the rocks in the neighbourhood of Neuchatel, but his manu- 
sciipt was not published until sixty-four years later, after the 
dealL of the author. A copy of the manuscript had been, 
however, presented by Ami Boud to the library of the French 
Geological Society, and geologists had tried in vain to find 
equivalents for the series of strata described in it. 

•In 1836 Auguste de Montmollin demonstrated that the , 
youngest Junjssic rocks were succeeded by a diversified cori!- 
plex of strata comprising yellowish limestone and blue marls, 
whose fossils resembled those of the English^ greensand ; 
hlontmollin called the complex “Terrain cretace du Jura,” 
and Thirria, who ali-gost simultaneously found similar strata^in 
Jiie neighbourhood of Besangon, applied the name of “Terrain 
Jura-Cretace.” 

But before the actual publication of Montmollin’s treatise, 
Thurmann had made the proposal at a Congress of the French 
Geological Society in Besangon (1835) to introduce the designa- 
tion of Ncocomien for the newly-discovered complex of strata, 
and this name was immediately adopted by Dufrenoy and Elie 
de Beaumont, and received lie authority of their geological 
map and text. These two authors sub-divided the Cretaceous 
formation into |i Lower Group, comprising (a) Wealden, 
Ncocomian, and ferruginous sand; (h) Greensand ; (<r) Chalk 
Marl ; and ai?* Wpper Group represented by the White Chalk. 
The chief divisions of the Cretaceous deposits having been 
thus definitely fixed in France, the following^ years between 
1835 and i860 ’were signalised by the publication < 5 f an extra- 
ordinary number of special papers devoted to the geology and 
pateontology of the Cretaceous system in French localities. 

Two valuable fliemeirs were published in 1841 and 1842 on , 
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the lower Qretaceous formations of tire south-eastern part of 
' the Paris basim. Cornuel described deposits in the Haute- 
** Marne which Jie identified par^tly as Gault (Man^s a Plica- 
tules), partly as lower Greensandj partly as^Neocomian. The 
localities Bassy and St. Dizier have been regardfd since that 
time as types, of the lower Cretaceous development in the 
north-east T)f France. ^ # 

Leymerie*s memoir on the jpretaceous deposits of 'the Aube 
Department was publisl^ed by the French Geological Society 
in 1841. It still rank^as a classk in the geological literature 
of the Paris basin. Leymerk distinguished three sub-divisions 
^n the Cretaceous •system : Neocomian, Greensand and Brick- 
clays, White Chalk. Each horizon was accurately described, 
and the distribution of the fossils was indicated with scrupulous 
care and detail. According to Leymerie, the horizon (jf the 
Chalk contains the same organic remains as the Upper 
and Lower Chalk and the Chalk Marl of England. I'he 
Brick-days (Argile teguline) and Greensand group comprises 
two sub-groups, the younger of which corresponds to the 
* 0ault, the older contains fossils which are known to occur in 
the Upper and Lower Greensand as well as in the Gault of 
the English^rea; this is the group which D’Orbigny afterwards 
called Apiien, 

^Phe Neocomian reposes upon the Upp^^r Jurassic rocks, and 
consists of three sub-groups : Marls with variegated sanej^ 
deposits; Marls and limestones with Exogyra subplkaia^ Jiarpa^ 
etc. ; Spatangus limestone (the name being given on account 
of the abundant occurrence of tests of Echinospatangus cordi- 
f or mis). An accurate comparison of the Neocomian in the 
north of France with the Lower Cretaceous formations of 
England led Leymerie to the conclusion that the French 
Neocomian was not the equiv^ent of the Lower Greensand 
of England, but, as had already been said by D’Archiac, it 
represented the Wealden formation of England, The palae- 
ontological part of Leymerie^s work appeared in 1843, and 
included a description of one hundred and thirjfceijtJi new species 
from the Neocomian horizon. 

In 1842, a mineralogical and geological description and a 
geological map of the Ardennes Department was published by 
C. Sauvage and A. Buvignier. The two authors demonstrated 
that the Cretaceous system was here represented by the White 
^ Chalk, the Greensand or the Chalk #Mai<l (Gaize), highly 
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fossiliferous Gault ai^d unfos&ilifcrous Lower^ Greensand. 
D'Aichiac’s admirable work, Description geolo^qiie du Dcparie-'* 
me Hi de /’i4isne, provided sup|)ldiientary*inforn]^tion ab(;^ut thd 
Cietaceous deports in thfs part of Fiance. The Upper or 
White ChaH and the Greensand formations were shown to 
be well developed, the lower horizons of the Cretaceous to be 
absent. ^ 

No less important was another work by the “same author 
on the middle group of the Cietaceous system (!839). 
D’Archiac gave in this wotk a lucid* exposition not only of 
the hliddie envision but also of tiie whole Cretaceous series in 
the marginal areas of tl^ Paris basin, in® Belgium, and t^ 
neighbourhood of Aix. He compared the sequence of deposits 
with the succession in England Switzerland, and Germany, 
and/inaliy sub-divided the system as follows : — 

[ Upper horizons of Chalk (Maestricht, 
Sweden). 

White Chalk. 

Chalk Marl. 


Uppci Group. 


Middle Group. 


Lower Group. 


[ Upper Greensand. 

< Blue Marl (Gault). ^ 

[ Lower Greensand. 

{♦Neocomian (Marine facies). 

■I ITT 11 /-r u 1 ( ^Vcald clay, 

j Wealden (Fresh-water ‘ 

^ facies). 


Hastings sand. 
Purbeck strata. 


While the greatest enthusiasm prevailed among French geo- 
logists to elucidate the Cretaceous system, Germany had fallen 
rather behind in this work. Friedrich Roemer and Hans 
Geinitz were the leading contfibutors to the knowledge of the 
German Cretaceous deposits. In 1836, Roemer had described 
a marine deposit in the Hils basin under the name of Hi s 
Clay,” but had relegated the Hils clay, along with the Wealden 
formation, iog:be Upper Jurassic horizon. In 1839, how- 
ever, he demonstrated that the Hils clay was younger than the 
Wealden formation, and possibly represented the Speeton clay 
of England. The careful investigation of the f^^sils in the 
Hils clay showed, according to Roemer, distinct affinities bot 
to Upper Jurassic and Cretaceous faunas. Iwo later 

Roeiner publibked his important monograph of the Fossils^ 
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of the North German Cretaceous Rocks^ accompanied by a 
short geological* description of the succession. In this work 
Koeni^r referred the*Hils cofig|pmerates of Ostermld, Berk- 
lingen, and other localities, togethet with thg Hi Is clay of the 
Deister and the Hils basin, to the lowest CretacetJiis horizon. 
Their fossil coMents led him to regard these Gcrn^n deposits 
as the equivalents of the Neocomian strat^i in the Paws basin, 
at Neuchatel* and in the south«of Russia. The higher* deposits 
were !hus sub-divided by ^loemer : — 


% 


Upper 

Cretaceous. 


' The White Ghalk^ Maestricht limestone, and 
• Uppe Chalk hearts; also the Quader 
Sandstone of Quedlinburg and Blanken- 
burg, the Glauconite Marls of Kieslings- 
wald, and the Mails at Luisberg, jrear 
, Aix. 


# 


Lower 

Cretaceous. 


"7. Lower Chalk without flints at^Liineburg, 
Lindener Berg, etc. 

6. Lower Chalk Marls at Ahlten, Lemforde, 
etc., the sandstones with fisl>remains, the 
marls of llseburg, and the sponge strata 
near Goslar. 

5. Plimer Limestone of Essen, Quedlinburg, 
etc. ^ 

- 4. Greensand of Oberau and the mottled marl»^ 
with Avictila gryphceoides in Hanover and 
Brunswick. 

3. Gault of Goslar and Sarstedt. 

2. Lotver Quader Sandsto/ie of the Harz 
mountains, in Brunswick, and in the 
Hils basin ; In Teutoburg forest, Saxony, 
Bohemia, and Silesia. 

, I. Jli/s Conglomerate and Clays. 


Although Roemer’s sub-division of the German develop- 
ment is in many respects deficient, it was the fii-s*. noteworthy 
attempt at a recognition of the distinctive facies in this area 
and a comparison with the English, French, and Swiss de- 
velopments. T 

Charpentier had in the eighteenth century contiibiited 
a geological sketch-map of the surfoce outcrop of Quatler 
Sandstone in Saxony. Naumann and CiMta b 1835 demon- 
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stralcd that ralcarcoa^s and marly strata (Planerkalke) are 
present between dm Upper and Lower Quadei* Sandstone, and* 
contain in^some localities a rich»marine tona. Cotta tl^oughf 
these marine linmstones ^^vefe the time-equivalents of the 
Cault claysl^ Geuiitz published, between the years 1839-42, 
an excellent j\foHOi:^raph on the Strata and th^ Fossils of the 
Cretaceous Focks In ^Saxony and Bohemia. His •results con- 
firmed Cotta’s surmise, and 1^)011 palmontologibal evfdence 
established the equivalents of the iGerman and British de- 
velopments: — • • 


4. Upper iijuader Sandstone . 
p Upper Planer IMaiis . 


== White Chalk. 

_*/ Lower Chalk. * 
“ IChalk Mail 


2. Middle and Lower Planer Lime- _ /Upper Greensand 
* stone and hlarls ... I Gault. 

1 . 1 A>wer ( )uader Sandstone . . = Lower Greensand. 

% ^ 


August ‘Emmanuel Reuss, the famous Austrian authority on 
Uie Cretaceous system, published in 1843 and 1844 the first 
results of his detailed researches on the Cretaceous deposits 
of Bohemia.^ Two years later, his monograph on the Bohemian 
Cretaceous formations appeared, and this work has been 
regarded as the fundamental stratigraphical work on the 
Bohemian facies. The four, chief divisions distingui&^ied 
by Reuss are: i, the Lower Quader Sandstone, present in 
^3ohcmia in its full development ; 2, the Planer marls, richly 
fossiliferous ; 3, the Planer limestones, together with the con- 
glomerates reposing upon them ; 4, the Upper Quader Sand- 
stone, poorly fossiliferous, but attaining very great thicknesses 
in Bohemia. 

The insecurity of the systematic position of the Lower and 
Upper Greensand in England induced Fitton to undertake a 
renewed examination of those deposits in the Isle of Wight 
The result, published in 1847? Sjhowed conclusively that the 
Lower Greensaifd was an equivalent of the Neocomian. 

A very gjfe^ influence w^as exerted upon the systematic 
arrangement of the Cretaceous system by the publication of 
D’Orbigny’s Faltontologie Francaise. In the second volume 
of this gigantic work, U’Orbigny introduced a n<^w classifica- 
tion of the Cretaceous formations, which was based upon 
intimate knowledge of the French development. He divided 
the system into •five, stages, named in accordance with typica/ 
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localities, in^ ascending order, Neocomien, Aplien, Albien 
^ (Gault), Turonien, Senonien. In D’Orbigny’s Elemeniary 
Eoiirse and his Prod^'ome^ he? inserted two additioi;j,al stages : 
Urgonien, befween Neocomien and Aptjen ; and Ceno- 
manien, as the equivalent of the Upper Greensand between 
Albien and Tu^onien. 

The horizons defined by D’Orbigny ^^ere soon generally 
accepted in ''France, in spite^of some resistance shown by 
D’ArChiac. They were- also gradually adopted in other 
European countries, \rith the exception of Great Britain, 
where geologists still continued to use the classificatory hoii* 
z<?ns and terminology introduced byJV. Smith, Conybeare and 
Phillips, and Fitton. 

In the year 1876, Barrois made a very successful effort 
to identify in the Upper Cretaceous deposits of England and 
Ireland the same zonal sequence as had been establisheS by 
Flebert for those deposits in the Paris basin. Thc^ systematic 
arrangement drawn up by Barrois found recognition in 
England, and the comparison was carried out by Horace 
Woodward in his Geology of England and Wales (1887) f^t)r 
the complete series of Cretaceous deposits. It seems, there- 
fore, at the present day, as if the stratigraphical succession of 
the youngestTVIesozoic system had been fairly well worked out 
in England and the Paris basin. 

In Germany also, the comparative aspect of the groups and 
zones in the different areas has become much better known.^ 
In 1849, Geinitz published a general survey of the Cretaceous 
formation in Germany, tracing the four main sub-divisions 
which he had previously recognised in Saxony and Bohemia in 
their further extension towards the Baltic, the Rhine, Poland, 
and Hungary. In the course oRhis researches, he corrected 
several blunders that had been rpade by previous authors; for 
example, he identified the true age of the greensand at Essen, 
and the Planer marls at Priesen in Bohemia; and Geinitz also 
compared all the horizons of the German Cretaceous deposits 
with the “Stages” established by D’Orbigny §prj:he French 
development, 

BeyricUs study of the Cretaceous system in Silesia and the 
northern skkt of the Harz mountains elucidated the strati- 
graphical and tectonical relations of that region in a masterly 
way. Beyrich’s memoir was published in the ZeiUchrlft in 
J[849, and in this and several later ccnitrihiitions, Beyrich 
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expressed his disappi;oval oi the term Quader-Saiidstone 
Formation,” which Hoffmann had suggested tor the Creta- 
ceous system in Germany, ar^d Geinhz had^ supported and 
adopted. Beyrich and Im fnend and colleague, Julius lEwald, 
held strongly to me unifoim acceptance of D'Orbigny’s classifi- 
cation. 

An interesting treatise was written by Leopol(F von Buch in 
1849 the geographical distrjjDution of the Crefaceous forma- 
tions. Buch tried to show that^ unlike the Jurassic and 
Triassic rocks, the Cretaoeous rockj? nowhere extended into 
the higher j^lar regions in Europe, Asia, and North America, 
but were cmefly confined to the tempers^te zones. He ci?n- 
cluded from this, that the influence of the earth's internal 
heat had diminished in the higher latitudes, and that the 
gecjgraphical limits of the Cretaceous formations gave an 
indication of the surface distribution of the earth’s internal 
heat. m 

Geinitz and Beyrich had pointed out the general agreement 
«l)etween the Cretaceous formations in the neighbourhood of 
Begensbur" and Kelheini and those in Bohemia and Sax#ny. 
Giimbel, as director of the Bavarian Survey, was in a position 
to bring out in full detail the equivalence of the Bavarian 
deposits with those of the adjacent countrfes. This he 
accomplished in ag admirable work published by the BaA%rian 
Academy in 1868. The Bavarian deposits have yielded very 
valuable and plentiful fossil remains. 

As has appeared from the context, D’Archiac rejected 
D’Orbigny’s arrangement and nomenclature of the French 
Cretaceous deposits. His Histohe des Frogrh de la Ghlogie 
(1853) still retained the older classifications. On the other 
hand, the most distinguiihed representative of the strati- 
graphical direction of research, Hebert,^ adopted D’Orbigny’s 
sub-divisions, and won for them a secure foundation in virtue 
of his detailed and excellent investigation of the Cretaceous 
formations of the Paris basin, Belgium, the neighbourhood of 

^ Edmon(f Hubert, born 12th June 1812, at Villefargeau (Yonne), son of^ 
a large agriculturist, studied in Auxerre and Paris at the Normal School;' 
in 1836 became professor at Meaux ; retiuned in 1838 as demonstrator in 
Chemistry and Physics at the Normal School in Paris ; md was in 1852 
appointed l\Iaster of Conferences for Geology. In 1857 he succeeded his 
teacher, Constant Prevost, as Professor of Geology at the Sorbonne, and 
displayed remarkable activity as a teacher there uniil his death on the 
4th April 1890. • • 
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Rouen, and Le Mans (1847-58). His ^ipport of D'Orbigny’s 
^loups brought Hebert into conflict with his rival, the gifted 
l?at racier fiery |iative of Provetice, Henri Coquand. « 

The south and south-tt'est of T^raice had^becn Coqiiand’s 
field of research, HebeiTs work had Iain in the nortfrof France, 
and the facies vj^riations of the rocks were undoubtedly chiefly 
answerable f5r the want of harmony in t^e results detained 
by the two fi^dd geologists. Q)qiiand was engaged fbr eight 
years bn a survey of the Charente, but his results, published 
1858-60, would neither* agree with D’Archiac’s nor with 
D’Orbigny’s systematic sub-division of the Cretaegous system. 
Coquand found that the Cretaceous deposits in the south 
began with the Upper Cenomanian, and that the most natural 
sub-division would be into eight groups, which were mainly 
characterised by the abundance of species of the Hippur^tid 
family, whereas in the north of France there were scarcely any 
Hippuritids. ^ 

Coquand erected a number of palaeontological zones for the 
Cretaceous development in the Charente, and traced the^ 
continuation of these into Provence and Algeria. To the 
Cenomanian and Turonian, Coquand ascribed the stages 
Rhoiomagien^ ^ Gardo 7 iien^ Carc^itonim (zone of Exogyra 
cohemba), Angoicjiiien, and Provcndeji; to the Senonian and 
Danl^n he ascribed the stages Cotiiacien^ Sayi^onien^ Ctvnpxnun^ 
dcciA Dordonkn, In 1862 he added a new stage, ^ 

between the Carentonien and Angoumien for the sandstones of 
Uchaux and Mornas; and in 1869 he inserted a new stage, 
LigbrieUy between the Carentonien and Mornasien. Coquand 
also added the stage Barrcmien to the lower Cretaceous 
between Neocomien and Urgonien for Cephalopod-bearing 
strata at Barreme and other localities in the Basses Alpes 
which D’Orbigny had regarded as^ facies of the Urgonien, 
Coquand’s special nomenclature for the southern Creta- 
ceous development was willingly accepted by tl^e geologists in 
the south of France, but was strongly contested by licbert. 
The Parisian stratigiapher also doubted the prtisei&ce of true 
^equivalents of the White Chalk with Belemnitellas in the areas 
of Touraine, Charente, Dordogne, and Provence; in his 
opinion, Coq«?iand had erroneously compared the Dordonien 
and Campanien with the Senonien and Danien of the north ; 
Hdbert thought they represented only the lower Senonien, 

^At the present day the general tendency im France is to 
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adht;re firmly to D’Orbi^y’slsub-divisioR and nomenclatiu'fe, 
and whore necessary to’' form sub-groups and s^ib-tStagcs. Tbus^ 
Renevicr^gavc to the passagosbeds between Urgonien and 
Aptien at the Perte du hlhOne, the t^distinctiv'b name of 7 ?//^- 
dankn^ anc?^the nkmc of Vraconien to the uppeimost hori;?ons 
of the Gault in the Jura of the Waadt Lands^ Again, Pictet 
separated Certain basement beds of the Neocomian in the 
French Flhone Valley as a sub-stage, characterised 

by special fossils also widely’’ clistfibuted in the Alps and 
Carpathians and in Algeria^^ t> 

Idle Cretaceous deposits play a relatively subordinate part 
in the Swis? and Eastern Alps and in the Carpathians, and 
could not be properly understood until the stratigrapny 
of extra-Alpine Cretaceous formations had been elucidated. 

In Switzerland, Stiider had as early as 1836 demonstrated 
the presence of Lower Cretaceous deposits near Interlaaken, 
and afterviards Studer and Escher von der Linth together 
studied the Cretaceous rocks at Lake Lucerne, the Glarnisch 
-iind Seiitis mountains. Renevier, Favre, and Schardt have 
chiefly contributed to the knowledge of the interesting Creta- 
ceous seqiu?nae in the Waadt Lands and Savoy Alps. 

The Vorarlberg Cretaceous deposits were examined by Von 
Richthofen, Giimbel, and Yacek, those of the 'Bavarian Alps 
by Giimbel. In the Austrian Alps the “Gosau Strata ”^ave 
yielded a rcmarkalrle profusion of well-preserved fossils. In 
’^1822, Ami Boud observed these fossils on the cliffs near 
Wiener Neustadt; he thought at first that they were Jurassic, 
but afterwards included them in the Greensand formation. 
Iveferstein united them (1827) with the Tertiary ‘‘Flysch,” 
although Count IMunster had identified Cretaceous species 
amongst the fossils. Murqhisoii likewise placed the Gosau 
marls" in the Tertiary epoch, but ascribed a greater age to 
the Hippuritc or Rudistes* limestone with which they are 
associated. 

The Austria^ geologists wavered between Gault and Upper 
Crclaceouj^asJhe systematic position of the Gosau marls, until 
in 1852, jusr thirty years after their first discovery, Zekeli© 
concluded from his investigation of the Gosau gastropods, 
that the strata containing them must be tUe equivalent 
of D’Orbigny’s Turonien and Senonien. Reiiss agreed with 
this view in the main, but thought the Gosau complex chiefly 
corresponded ^ the; Turonien horizon and only partially to the 
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Senonien. "This defTnition was unsatisfactory, since the French 
^geologists assi'gntYi different limits for theTuronien and Senonien. 
Zittel jDointed out, in* a monograph on the bivalvj^s of the 
Gosau strata, tnat the affinities^ ware vciy marked with the 
faunas of Coquand’s stages Provencien and Santonin, typically 
developed in il^rovence and the Pyrenees. The other sub- 
divisions of ^he Cretaceous system also re^semble tne iicies in 
the south of ''France, whereas the Carpathian develojTment of 
the Cretaceous deposits, according to Hohenegger, Neiimayr, 
Tietze, and other Austrian geologists, display many peculiarities, 
and have had to be sub-divided into a number of local groups 
zones. t ^ ^ 

The faunal character of the Alpine Upper Cretaceous 
deposits shows a rapid variation from west to east ; the Seewen 
limestones and marls with Ammonites 7’hotomagensis, Ilohx^ter 
subgiodosns, and other Upper Cretaceous types in vSwitzerland, 
give place to the Foraminiferal limestones with •Orlniullna 
coficava^ a characteristic Cenomanian type, in the Vorarlberg 
and Bavarian Alps; further east, the Upper Cretaceous deposits^* 
are-c represented by the Gosau strata, often distinguished as 
tile Hippuritid or Rudistes facies, whose affinities with the 
Pyrenees and^the Uchaux area in the western Alps is there- 
fore a matter of special stratigraphical interest. 

The occurrence of the Gosau deposits ^in separate crust- 
basins adjoining the leading east and west faults between the 
northern and central regions of the eastern Alps, has provided^ 
Alpine stratigraphers with some useful data regarding the 
regional crust-movements which are thought to have begun in 
the eastern Alps in Upper Cretaceous time, and to have con- 
tinued intermittently during Tertiary epochs, culminating in 
the upheaval of the present Alpine^hain. 

1. Tertiary The fundamental researches which were 

carried out in the beginning of the nineteenth century by 
Cuvier and Brongniart in the Paris basin, by D'Halloy in 
Belgium, and by Webster, Buckland, and LyelJ. ick England, 
^afforded the basis of the more detailed examination of the 
fossil mollusca characteristic of the successive Tertiary horizons. 
Brocclh, Sow^rby, Lamarck, Deshayes, and Bronn demon- 
strated the security of the palaeontological method of sub- 
division with the most brilliant success, and upon their results 
(paries Lyell established his division of the Tertiary deposits 
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into the EocenCj IMioceiie, clid Pliocent; formations (aniP, 
tM3i) * . • . ^ 

Ihe s};^stcniatic limit betweai the bjsement beds of tim 
Eocene and the highest hoi'iz( 5 ns of the Cretacdbus system had 
been cl earl^i defined for Northern Europe by Brongniart and 
D’Omalius d’Halloy, while Buckland had defined the limit 
between, th^ upper ^horizons of the Pliocene and the lowest 
Diluvial* or Pleistocene deposits. On the other hand, the 
difficulty of deteimining a definite Ijmit between Eocene and 
Cretaceous deposits in Alpine areas* has, except in a few 
localities, proved insuperable to ^le present day. 

The chara'Jteristic Soutji European and Alpine facies of t^ 
Eocene deposits is a massive Foraminiferal limestone, com- 
posed chiefly of the remains of Nummulites {ante, p. 244). 
Butrin the Alps, this eminently pelagic facies is often partially 
or wholly replaced by a very variable group of sandstones, 
marls, coi>glomerates, shales, and clays, which is termed 
“ Flysch,” and offers palaeontological difficulties on account of 
%e rare occurrence of distinctive fossil types, and of many 
stratigraphical difficulties bound up with the most obsej^re 
problems in'^tli^ tectonic structure of the Alps. 

In 1823, Brongniart had ascertained the Tertiary age of the 
Nummulite formations at Ronca, Castel-Gomujerto, Monte 
Bolca, and other localities in the Vicentine Alps; and Munster 
^had published a list of one hundred and seventy-two species 
from the famous locality of Kressenberg in the Bavarian Alps, 
forty-two of which agreed with typical Tertiary species of 
Germany, France, and England, while two species showed a 
certain resemblance to Cretaceous species, and only a single 
species {Ostrea semij>lana) was actually a Cretaceous form. 
Count Munster therefore ^concluded that the Kressenberg 
strata were of Tertiary age. Murchison and Sedgwick in their 
memoir on the eastern Alps ^^so regarded the Kressen- 

Ijerg strata as Tertiary, but expressed the opinion that the 
Nummulite rolks near Sonthofen in Bavaria were closely 
united wit|i tj^e Cretaceous series, as that fauna appeared to 
contain a fair admixture of Cretaceous and Tertiary types. « 
The same opinion was more forcibly expressed by Dufrenoy 
and Elie de Beaumont in several memoirs explanatory of the 
geological map of France (1830-38) ; these authors insisted that 
the fauna of the Nummulite and Flysch deposits in the south 
of France wai a piixed Eocene-Cretaceous fauna closely 
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reflated to Upper Cietaceous fabiias^in other French localities. 
^'Fhey pointed ouit that the upheaval of the Pyrenees had taken 
place after the accumulation ofnthese intermediate deposits, and 
therefore proposed to inckide them with the Cretaceous system. 
It was admitted, however, that the Nummulitc rocks of Ronca, 
Monte Bolca, and a few other localities were, as Elje de Beau- 
mont had sa+d, of Tertiary age. ^ * 

The Swis9»» geologists, Studer and Eschcr von del* Linth, 
regarded the Nummulite d^osits of Southern Europe as passage^ 
beds between the Mesozoic and Cainozoic periods, the affinity 
being greater with the Crefaceous than with ^the Eocene 
h^^inas. Leymerie /,i843) treated the Nummulite deposits in 
the Pyrenees as an independent formation {Terrain epicretace) 
between Cretaceous and Tertiary, and Tallavignes sub-divided 
this formation into two horizons, iberien and Alaricien. 

Deshayes and Raulin contested the supposed close affinity 
of the Nummulite group with the Cretaceous serirs, and em- 
phasised the decided Eocene character of the Nummulite fauna. 
D’Archiac gave an exhaustive account of the Nummulite format' 
tiop in his Ilisfoire des Frogres de la Geologic^ and brought 
forward an imposing array of arguments in /avour of the 
Tertiary age of these deposits. Three years afterwards, in 
1853, a handst 5 mely illustrated monograph was issued under the 
conjipint authorship of D’Archiac and Haiipe. It contained a 
complete synopsis and description of all Nummulite species,^ 
and demonstrated that the genus Nummulites was not known 
to occur either in the Cretaceous deposits or in the younger 
Tertiary groups. This work was regarded as practically decisive, 
and the Nummulite formations were assigned to the Eocene 
period. 

Meantime the Tertiary deposit^, of Central and Northern 
Europe were made the subject of many special researches. 
The memoirs by Galeotti (1837) and by A. Dumont (1836-41) 
on the Belgian development were far-reaching ii\their inOuence. 
Dumont distinguished (1849-52) a series of palseontological 
zones, and named the Belgian sub-divisions accordingly as Heer- 
j^sicn, Landenien, Yprdsien, Paniselien, Bruxellien, Laekenien, 
Tongrien, Rupelien, Bolderien, Diestien, Scaldisien. Sir Charles 
Lyell afterwaiids showed that the first six of Dumont’s ‘hStages” 
correspond to the Lower and Middle Eocene; Tongrien "and 
Rupelien represent Upper Eocene; Bolderien represents the 
Miocene; and Diestien and Scaldisien are tfie equivalents 
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of the Pliocene or Englisl? “ Crag.” The* stratigraphy of the 
Tertiary deposits so ably described by Brongniart was further ^ 
investigate^ by several emineitt French geologists, very" 
suggestive paper differenJes of fticics being" contributed 
in 1838 byC. Prevost (cf. p. 503). Hebert in 1848 threw 
new light upon many of the stratigraphical features, especially 
the structural relatioj^s at the margins of the basin.'* 

In En|land, Joseph Prestwic^ had commenced his studies 
of the two Tertiary basins of Hampshire and London ih the 
year 1 846. He contributed a series of rftemoirs to the Journal of 
the Geological Society^ all of which? display remarkable scientific 
judgment atia accuracy ^f observation. -Prestwich demon- 
strated for the first time the presence of Thanet Sands as 
a well-defined zone below the London Clay, and showed that 
the Ijgitter was not the equivalent of the Bracklesham and Barton 
strata, nor of the “ Coarse limestone of the Paris basin, but 
belonged toaa deeper horizon. In a memoir published in 1 85 5, 
Prestwich made an attempt to compare the older Tertiary 
groups of England with those of the Paris basin and Belgium, 
relying upon the results of D’Archiac and Dumont for his d^fta 
regarding the Continental deposits. Both these authors had 
previously drawn up synchronous tables for the JEnglish and 
Continental developments, but the subsequent researches of 
Prestwich enabled |iim to make certain alterations from •the 
English standpoint. 

The only foreign equivalent which Prestwich could find for 
the Thanet Sands was the lower part of the Belgian Landenien 
(Hcersien) ; in the Paris basin he regarded the lower glau- 
conitic marine sands (Sables de Bracheux), the plastic clay, 
the lignite and the conglomerate of Meudon as equivalent of 
his "iVoolwich Series ; true London Clay seemed absent in the 
Paris basin, but was represented in Belgium by the lower 
YpTeskn of Dumont. The Eower Bracklesham or Bagshot 
strata were represented by the sands of Soisson^, Cuise, Aizy, 
and Laon in Tflc Paris basin, as well as by the upper part 


t Sir PiChtwicb, i)mn 1S12 at Pendmry near London, was educated 

partly ih England, ])artly in Pans, and after the completion of his studies at 
Uifneesify ('olle^e in London, he entered his father s busiiu^s, from which 
he only rctiuHl in 1872. All hi-' leKiue was devoted to geological re- 
seavdus, ami in 1874 he suc»‘c<-tled [. Phillips as Professor of Geology in 
* lu he Pie'ident ot the Foiuih International Geological 
CongiesH in Lttndon: helped on the 230! June 1896, 
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of the Yp^esien ancl the Pann'dien in Belgium ; the Aliddle 
« Brackleshaiii* and Bagshot strata were* the equivalents of the 
Coarse limestone” the P»is basin and the Bru^eiUen and 
Laekmien in BSlgium. The Up^er.Bracklcshain strata and the 
Barton Clay corresponded with the midxlle marine sand 
near Paris. H^^bert in 1873 emended the synchronous table 
of Prestwick on a few points, but for th^ sub-divtsioii of the 
English Tertiary deposits th^ results obtained by Prestwich 
are tile recognised standajd at the present day. 

The upper fiuvio-mawne divisioii was described in detail by 
Edward Forbes in 1856, and the fossil riches of the Tertiary 
dj^posits have formed the subject ^f some of^the greatest 
classics in palaeontological literature. The earlier contributors 
to the knowledge of the English Tertiary faunas included Sir 
Richard Owen, Agassiz, Thomas Davidson, Edward Forbes, 
Milne-Edwards, Haime, and Duncan (Chap. V.). ^ 

The Miocene and Pliocene deposits of Italy wcrciivestigated 
by Brocchi and Broun, and afterwards by several Italian authors 
and by the two Germans Hoffmann and Philippi. The Eiiume^ 
aUon of the Tertiary Fossils in Sicily by Philippi appeared in 
1846, and formed a valuable supplement to D^sHhyes^ investi- 
gations, in so far as it showed that the number of living 
Mediterranean types represented in the Pliocene deposits of 
SicMy gradually increases from the lower to the upper horizons 
of the series, until in the highest horizons very few extinct 
species are present. Agassiz questioned the results obtained 
by Philippi, and wrote a monograph in 1S45 special 

intent of proving that no living species is completely identical 
with the forms in Pliocene deposits, and that each individual 
formation contains a fauna entirely peculiar to itself. This 
opinion, as has been said abovp (p. 507), was shared In a 
modified measure by D^Orbigny. 

A sub-division of the Tertiary deposits into four stages (Snes- 
wnien^ Parisien^ Fahmien^ Siihapennin) was proposed in 1852 
by D’Orbigny, and was rapidly adopted in Fr^fbce. The Sues- 
sonien and Parisien correspond with LyelFs Eogei:g formation, 
i The Falunien is again divided into two sub-stages, the older of 
which {To?igrie?i) begins in the Paris basin with the Fontaine- 
bleau sandstone, and includes the fresh-water limestone and 
millstone quartz, while the younger horizon of Falunien com- 
prises the Fahins of Touraine, of Aquitanien and Languedoc, 
Jhe Crag of Suffolk and Antwerp, the Pfolas^ and Nagelflue 
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of Switzerland, and other^Mi^cene deports. Th6 Sub-Apm- 
nine stage includes, m addition to the Piiacei!e marine for# 
mations^of Ita^y and the upper sai^ds of Montpejlier, •a 
mixture of youn^ Tertiary afid diluvial deposits. D’Orbigny’s 
classificatiai is very unsatisfactory; it often throws together 
strata of quite different ages, and assumes stra^igraphical limits 
for whkh ?here is evidence. • ^ 

In alSdition to Touraine, Gascony, and Turifi, another dis- 
trict well known to the literature in connection with the 
Miocene strata is the Vienna baski. The first scientifief 
observations of this area ware contributed by Constant 
Prevost (i 52 o) and A^ni Boue (1822).® The latter re]|ed 
mainly on information given by Partsch and Hauer, who 
' had been an enthusiastic collector of fossils in the localities 
nejr Vienna. In 1837, Bronn revised Hauer’s collection, and 
by his identification of the fossils proved that the fauna was 
of Mioce»e age. In 1846, D’Orbigny published his excellent 
monograph oh the Foraminiferaof the Vienna basin, and two 
♦years later Reuss published an account of the fossil polyps. 

Many geologists examined local areas and contributed 
sections anii maps, but the first to give a clear exposition of 
the stratigraphical relations of the whole Vienna basin was 
Suess, in 1866, in a memoir entitled Untersuchmgen iiher 
den Charakter der^ oeierK Tertiarablagerungen, This m(?moir 
^ described not only the Alpine “Vienna basin,” but also the 
depQsits in the area between the Alps and the Manharts range. 
Suess showed that the Eocene Nummulite formation is suc- 
ceeded by poorly fossiliferous marls and clays, then by the 
Meletta shales, which form a fairly constant band of strata in 
the Alps and Carpathians, in Alsace, and other localities. 
Th*ey are followed in the Vienna basin by the lowest Miocene 
strata of Molt and Horn,^of Gauderndorf and Eggenburg, 
which are largely of fresh-water origin, and are covered by the 
widely-distributed “Schlier” or “Cyrena beds” of brackish- 
water origin. •Then succeeds the richly fossiliferous Marine 
series, cogipysing sands, calcareous clays (Tegel), and lime- 
stones, passing into one another as diverse rock-facies o: 
contemporaneous origin. The limestone facies predominatej 
in the Leitha mountains, while the blue calcaseous clays o 
Baden are the shallow-water equivalents of the Leitha lime 
stones. The marine deposits were all comprised by Sues; 
under the general t^rm of “ Mediterranean Stage.” 
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*They wefe shown** to be followecf by^ deposits of brackish- 
water origin, *Ce?ithia sands and days charged with siiells, 
(?Dmpri^ed by ^uess under th^ aeneral tenii of ‘‘ ^armatian 
Stage.” The strata of the SarniaHan Stag^ are extensively 
distributed in the south of Euiope, and the fauna ffad already 
been described by l)e Marny and Eichwald. At the close of 
the Sarmatiati Stage, the deposits of thc>North'Al[)iHe area 
and the plain. ^ are essentially fjpsh-watcr deposits, comprising 
the Chngen\i Clays^ and liie Btivedcrc pelik-heds^ the latter 
having been deposited fif)m running water, probably by wide 
river-courses pouring northwafd from the Alps. ^Suess com- 
piled the fresh-water deposits unduf the name of Pontic 
Stage,” and identified them as the equivalent of the Pliocene 
formation. 

A few years earlier Suess had shown from the distribution 
of the fossil terrestiial mammals in the various I'uUiary de- 
posits, that the older marine horizons, as well as th«f brackish- 
water ‘‘Cerithia” sands, correspond in age with the IMiddle 
Miocene in France and Switzerland (Marine molasse, fresh-^ 
water limestone of Oeningen, upper fresh- water molasse), while 
the upper fresh-water formations of the Vienna bssin contained 
the fauna of^the Upper Miocene deposits of Eppelsheim, 
Cucuron, and Pikermi. The systematic divisions established 
by Sfiess for the Austrian deposits have bee|;i verified by later 
investigations, and only modified in minor particulars. ^ 

The stratigraphical knowledge of the German Teaiary 
deposits was late in developing. There were several diffi- 
culties to contend with, the chief obstacle being the impos- 
sibility of securing a complete section from which a definite 
succession could be determined. This was the more un- 
fortunate as the fossils that weue found in the scattered 
localities seldom permitted an exact identification with the 
typical Eocene and Miocene forms known to the literature. 
The German Tertiary deposits occur in three chief districts : 
the North German plain, the Tertiary basin of the Rhineland, 
and the Swabian-Bavarian plateau with the adjacent hilly 
^territory of the Alpine foreground. 

The neighbourhood of Mainz and Alzey first attracted the 
interest of geologists on account of the wealth of fossils. Gol- 
lini and Faujas had described some of those in the eighteenth 
century and in the beginning of the nineteenth century, and 
Dechen, Oeynhausen, and A, Boud supplied •'a general de- 
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scription of the Tertiaiy fon-^ations in the Rl:^neland. The 
discovery of the famous Dinotheriuin skull it Eppelsheim hf 
Klipsteii^ and Loup induce(^ K!.lipstein*(i836)^to contributed 
more careful stra4.igraphic?il account of the strata in the Mainz 
basin, and"?ie paralleled the bone-bearing sands of Eppelsheim 
with the gypsum of Montmaitrc, and the •limestone strata 
underlyjng the b^ne-bearing sands with the* coarse lime- 
stone beds of Paris. In therfollowing year, Sronn tried to 
prove that the Eppelsheim sands bdonged to a higher horizon 
and. were comparable with •the Middle Tertiary of the Vienna 
basin, and l^e likewise assumed* a Miocene age for the other 
sands near Alzey, ‘‘aMiough,” he said,® “the characteristic 
species of the clays in the Vienna basin are absent.” 

The first accurate and detailed account of the succession of 
strjita in the Mainz basin was given by Sandberger in 1853. 
He sub-divided the series into nine well-marked palaeontological 
zones whim’ll he compared with the “stages” of Tertiary strata 
in France and Belgium ; the zones in ascending order were : 
^i) Marine sands near Alzey; (2) Septarian clay and “Cyrena” 
marls with occurrences of brown-coal; (3) Limestone of H 5 ck- 
heim with laiM-snails ; (4) “Cerithia” limestone of Fldrsheim 
and Oppenheim; (5) “Litorella” limestone; 4 . 6 ) Clays and 
shales with brown-coal ; (7) Leaf sandstone ; (8) Fresh-water 
sands of Eppelsheim with remains of Dinotherium, HippSrion, 
^eic. ; (9) Marine sands of Cassel. Sandberger compared the 
Alzey sands and the Septarian clay with Dumont’s Tongrien 
and liiipelien stages ; the littoral and brackish-water deposits, 
from Hockheim limestone to the leaf-sandstone, he regarded as 
the equivalents of the marine Miocene strata in the Aqui- 
taiyan and Vienna basins, and of the system Boldermi in 
Belgium ; while he placed«the bone-sand of Eppelsheim and 
the Cassel sands in Lower JPliocene, as an equivalent of the 
system Bksfien in Belgium. 

The sub-div^ions proposed by Sandberger for the Tertiary 
formation in the Mainz basin have undergone very little sub- 
sequent n«odification. The chief alteration was made in 1854 
by Flamilton, when he proved that the Hockheim limestone^ 
was not an independent hoiizon, but a local intercalation 
in the “Cerilhia” strata. In 1883, Lepsius pifldi shed a geo- 
graphical description of the Mainz basin; and the first 
volume of the Geologic von Deutschland^ by the same author 
(1892), affords a general survey of all the literature that h^^s 
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appeared on tl^is subject since the publication of Sandberger’s 

ftiemoir. • 


• The ♦Tertiary localities in N 5 rtj^ Germany were briefly de- 
scribed in the early ycais of the nineteenth cintiiry by several 
paleontologists, more particularly by Count IMiiniSer (1835), 
A number of th« typical fossils were des{;ribed by^Goldfiiss ; 
Zimmennann* described the Hambing occ^irrences, aijd boll 
reported on tlTc Mecklenburg tocality; but all these authors 
express*ed themselves mor^ or less indefinitely regarding the 
precise age of the Tertiary’ fossils and strata. 

An important work on the North German Terti§a'y deposits 
wa!ii contributed in 847 by BcyricliP This acute observer 
proved the identity of many of the fossils in Mark Branden- 
burg and in the Septarian clay of North Germany with fossils 
of the clays near Antwerp {Rupelkn\ Thus a definite horiif'.m 
was fixed in the North German succession, and in 1853 Bey- 
rich gave a complete account of the palmontoldl^ieal and 
lithological sequence of Tertiary deposits as an Introductory 
to his Mono^^raph of ihe Co 7 ichyHa in the North German^ 
Teftiary JRock-JDeposits, It was made evident that^^the North 
German “Miocene’^ facies differed in many respects from 
the French ai^d i^ustrian Miocene, and contained a greater 
number of fossil forms which had continued from older 


horizCns. 




The oldest North German Tertiary fauna was shown by 
Beyrich to be that of the Magdeburg sands, the equivaleiH of 
the Lower Tongrmi in Belgium. This horizon is limited in 
North Germany to the area between Magdeburg and Egeln. 
Above it, the Septarian clay follows as the equivalent of the 
Belgium Rupelien^ and Beyrich included in the same horizon 
the Sternberg strata and the Stetti« sand. In 1853 Beyrich 
regarded the Tongrien and Rupelmond system, in agreement 
with D’Orbigny, as Lower Miocene, but in 1854 he proposed 
that this horizon, which was sometimes referred to Upper 
Eocene, sometimes to Lower Miocene, in the Paris basin and 
Belgian areas should be distinguished as an ind^^pe^dent for- 
•hiation under the name of Oligocene. He sub-divided the 
new formation in three groups, the Lower Oligoccnc com- 
prising thp bilAvn-coal deposits of the southern and eastern 
parts of Germany and the North German amber deposits with 
the rich flora worked out by Goeppert and Conwentz. 'Fo 
fiddle Oligocene, Beyrich assigned the '*Alz^ sands, the 
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brackish and fresh- w£|ter^deflbsits of* th^ Mainz# basin, a^d 
the brown-coal deposits of Hesse and Rbin^lanti. In Upper^ 
Bey rich included the* Marine /of mati on s of Crefeld, 
Dusseldorf, Cass§l, etc. Thise aie 'Succeeded? by the*typical 
Miocene formations of the Lower Elbe district, Holstein and 
Schleswig. ^ * 

BcyrklPs differe^Ttiation of the Oligocene fermation was 
supported by Lyell and other imminent gcologiste, and proved 
very helpful in the systematic an^ngement of the Bertiary 
deposits. It is noteworthy that there is no marine equivalent 
in Belgium, prance, or England -^or the Upper Oligocene strata 
of North Germany. Pispbably these correspond in age vqth 
the fresh-water limestone of Beauce, which is usually classified 
as Lower Miocene by French geologists. Emendations in 
Beyrich’s sub-division were made by Sandberger in 1863, when 
he pointed out that the ‘‘Cyrena” marls belonged to Upper 
Oligocenef and that the Lower Miocene should begin with the 
littoral and brackish-water series, the “ Cerithia ” and land-snail 
limestones, and the leaf-sands of the Munzenberg. 

The Tertiary basin of the Swabian-Bavarian plateau and^he 
neighbouring ^margin of the Jura mountains and the Alps is 
connected on the one side with the Austrian development, on 
the other side with the North Swiss development'bf the Tertiary 
formations, and it^ relations could only be properly undemtood 
^ufter the knowledge of these formations in adjacent areas was 
fairly well advanced. The monograph of the Molasse deposits 
in Switzerland, written by Studer (1825), contains a remark- 
ably accurate description of the different formations according 
to their petrographical constitution and stratigraphical posi- 
tion, but at the time of publication it was quite impossible to 
assign definite ages to th^ successive strata. The observa- 
tions of the Bernese geol^ogist were supplemented by the 
researches of Escher von der Linth, Braun, and Oswald 
Heer, so that Studer in 1853, in the second volume of his 
famous work,^ Geologic der Schweiz^ was in a position to 
give an almQst exhaustive exposition of the Swiss Tertiary 
deposits. ^ ^ 

From the composition and stratigraphical position of the 
parti-roloiiied Nagclflue deposits, Studer concluded that the 
materials composing this conglomeratic rock and the Molasse 
sandstones had been derived from a marginal Alpine chain 
which was aft'trwaisds bent inward at the further folding and 




ifpheaval of the AlpS, and was dovefed Ijy the advaiice of over- 
^thrnst masses'*"frcvii the south. 

Studer distinguished^ a Jma and a Sub-AIjim band deposit 
The fo 1 *nier is Ifantcd to tfhe nortfj-wvaslern aij^d northern parts 
of the Jura chain, and consists of a lower marine vision with 
fossils which agree with those of the Mainz basin, alid an upper 
series of fresh-water limestones and marls’^ whose fifammalian 
remains were*' identified by H.^von Kfeyer as Upper Miocene. 
l'his’*y/// 72 : band of deposi.t, according to Studer, presents a 
continuation of the Ter^Jary basin^^in the Upper Rhine pio- 
vinces. In the Sub-AZ/im l)?nd the Tertiary d^jposits begin 
with /ower fresh-wai^r formations, wl^ch continue towards the 
soSth-west into the Rhone Valley ; they consist of red marls 
and Molasse sandstones with beds of brown-coal, and contain 
an exceedingly rich flora (cf, O. Hecr, p 371). The of 
fossils which Studer enumerated prove that he comprised strata 
of dissimilar age within these lower deposits. The *fresh*water 
formations are succeeded by marine ma/asse, sandstones charged 
with bivalve shells, and nagelflue of varied constitution. The^ 
' marjne fauna of this second member in the sub-Alpine band 
is compared by Studer with Pliocene faunas, an«i^ he adds that 
it displays certain affinities with the Italian Pliocene. Hie 
third member fs an fresh-waier series, the sandy, marly, 
and calcareous rocks which have been so lyng famous for the 
fossils contained in them at Oeningen. These were made 
known by Scheuchzer, and were the subject of the admirable 
researches by Braun, Heer, and K. Mayer. 

! * The identifications of the Mollusca in Studeds work 

were for the most part the work of K. Mayer. This inde- 
latigable palaeontologist has continued throughout his long 
career to describe and compare the^Swiss Tertiary fossils, and 
to draw up synchronous tables showing their precise corre- 
spondence with the faunas of other Alpine and extra- Alpine 
localities. The first of these tables appeared in 1 85 7, wherein 
Mayer sub-divided the Swiss series into eleleo palaeonto- 
logical zones. The first five of these {Garnmnie% ^msonien^ 
^ondo7iien^ Parisien and Barf omen) are assigned to the 
Eocene; the Liguria^t stage contains the Flysch, the Upper 
Nummulite fopnatioiis of Biarritz, the Montmartre gypsupi, 
etc. ^ Mayer places the Swiss representatives of Tongriai and 
Aqniianien in the Oligocene epoch ; the Eehetkn and Tor* 
tonien in the Miocene; and the Astmi in thf Pli«?,cene epoch. 
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The Tertiary deposits thl Swabian jylateaux \^ere studied 
by Qucnstedt and Probst ; those in Baden #in(J Wurtemberg» 
were elucidated by Mandelslohe, Ziet(in,‘ Klein, Miller, and 
Schill ^ • ** 

The subi^lpine band of Teitiary deposits in Bavaria com- 
prises the ITysch deposits of Eocene and Low^ Oligocene age 
forming, hifls in fr<jpt of the limestone mountahrs. On the 
undulatitig plains stretching c^^orthward are the Oligocene 
brown-coal strata and the younger ^Tertiary deposits. 'Sand- 
berger, in 1853, was the fii^st to recognise the Oligocene age 
of the brackish-water strata worked for coal at Miesbach, 
Penz!)erg, an^ Peissenbeiig. He identified® Cyrena sejiiistrio^a 
and other typical Upper Oligocene forms in the marls, and he 
compared the fauna of the marine series below the productive 
beds with the middle Oligocene fauna of the Weinheim sands 
near Alzey. 

Giimbelin 1861 gave a full geological and palaeontological 
account of these Tertiary deposits in his large volume on the 
IJavarian Alps. A new monograph on the fauna of the South 
Bavarian Oligocene IMolasse, by H. Wolff, places the whole^of 
the marine a 1 id#brackish-water Oligocene formations of Southern 
Bavaria in the Upper Oligocene horizon. Similar conclusions 
had been formed by Theodor Fuchs and K. Mayer regarding 
the age of the equivalent deposits in the sub-Alpine ban^ of 
Switzerland and Austria. 

Frqm what has been said it is evident that it was no longer 
difficult to determine the main divisions of Tertiary strata ^ 
after the true principle had been discovered of identifying the 
relative age of the component members from a comparison of 
the faunas contained in them wnth one another, and with 
exis^ng genera and species.^ But the attempts to provide a 
systematic zonal sub-division^ of the series, capable of^ general 
application, proved fruitless. Geographical areas and biological 
provinces attained a very high degree of local differentiation in 
Europe during Tertiary epochs, so that basins of deposit which 
appear to had some kind of communication, or were at 
least very close to one another, nevertheless exhibit marked 
peculiarities in the lithological and palaeontological develop- 
ment Each basin passed through its own history ^ of sedi- 
mentation, in nearly all cases a most chequered history. ^ An 
area that was at one time an alluvial flat would at other times 
be usurped by m ogsanic inundation, and again become dr^ 
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land or a marginar swamp, an ''estuary^ or an inland sea. The 
conditions whic?li pi'evailed over any one area during a definite 
^periocij were o|iten tr^nsferrecT during the followingr period to 
some neighbouring area^ so thaf faunal singularities of a mis- 
leading character were bound to arise. This serins to be the 
explanation of^the increasing difficulty that is elcperienred in 
deterniiningThe precise stratigraphical eqvtivalents in adjoining 
districts ; the Synchronous T^-bles become more and more 
complicated as the knowledge of stratigraphical data becomes 
more specialised. ** « 

The newer researches in Hungary, the Balkan |;uids, Greece, 
Roumania, Russia,*' India, and otherrparts of the world, have 
certainly succeeded in establishing the parallelism of the great 
divisions (Eocene, Oligocenc, Miocene, Pliocene), but tlie 
zonal sub-divisions are extremely diverse. In North and SAiith 
America, the recognition even of the main divisions is very 
uncertain, and it is impossible to apply any of tht3 European 
zonal classifications. It would, however, occupy too much 
space to record the gradual progress of researches on tlifO 
Tmiary formations outside Central Europe; or to^indicatc the 
debatable stratigraphical complexities that are associated with 
the history of^ crust-movements during Teitiary epochs. 

Qmfernayy Formaiions , — Whereas tlv) beginnings of the 
present sub-division of the Tertiary formations extend af^ 
far back as the first decades of the nineteenth coiitury, 
The detailed investigation of the youngest geological system 
was reserved for the last three decades of the century. Buck- 
land, in 1823, described the deposits between the Tertiary 
series and the sediments at present in course of formation. 
He regarded these post-Tertiary deposits as the discharge from 
a universal flood, and applied to4;hem the name Diluvium in 
contradistinction to Alluvium, the name given to all modern 
accumulations of deposit. Lyell, in 1839, proposed to use the 
term Pleistocene for the Diluvium of Buckland, and in 1854 
Morlot suggested Quaternary, changed by Brown to Quartary 
^ (Quartar), a term which appears very often in the German litera- 
ture, although never in the English form. 

The varied constitution of the Pleistocene deposits (pebble, 
sand, clay, loess, bone breccias, boulder accumulations, erratic 
blocks, ^ moraines) and the frequent absence of organic remains 
made it very difficult to determine the age ©f'the different 
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members, and until about^ thirty years ago geoJio|ists were 
content to treat the series comprehensively as one group of ♦ 
deposit. Auckland originally^defined tlie upp^r limit af the"' 
Diluvium and beginning "bf Alluvium as coeval with the 
appeal ance of* man on the earth, but the prehistoric researches 
conducted iji' the layer half of the century showed that man 
had becy a contemporary of some of the extincf Mammals. 
Palaeolithic implements have afforded traces of mail’s existence 
in the latter part of the Pleistocene* age. The study ot the 
Diluvial Mammals led La?tet, in 18^3, to establish three 
periods: the^o/des^ is characterised by the predominance of 
Eieplias aniiguus^ R/u'nocyros Mercki, and Others ; the middh 
period by the Mammoth, Rhinoceros tichorhinus, Ursus 
s/ehens^ Bison prisctis ; and the third aiid youngest by the 
occurrence of forms still living in high latitudes, such as rein- 
deer, musk-ox, Canadian elk, and beaver. 

Research'^on Diluvial deposits was imbued with fresh interest 
when the glacial theory was established by Venetz, Charpentier, 
rflid Agassiz (1829 to 1840). It was then rendered possible, 
not only to ynderstand the conditions under which the various 
deposits had origin, but also to classify the deposits 

according to their age as preglacial, interglaciaj, and post- 
glacial The first researches from this standpoint were carried 
out in Switzerlanck Scotland, and Wales (cf. p. 231). "'Tn 
41 ermany, it was not until Otto Torell had broken the spell of 
the Drift Theory (1875) that an active impulse was given to 
detailed investigations of the Pleistocene deposits on the , 
North German plains. The results are apparent in the newer 
geological maps, which show the great diversity in the lithologi- 
cal (diaracter and age of the deposits belonging to this epoch. 

The discovery of glacier ^scratches on the Muschelkalk of 
Rtidersdorf first suggested % to Torell the idea that an 
extensive ice-sheet had covered the North German plain. 
German geologists have since demonstrated the occurrence 
of similar grooves and scratches on the rock-floor at several 
localities ii» the plain, especially in Saxony. The sands and 
gravels and boulder-clays have also undergone a careful 
exploration in the light of the glacial theory. Structures 
identical with the ground- moraines of lecent glaciers have been 
recognised, and the pebbles and boulders contained in them 
have been examined with refcience to their derivation from 
Scandinavia. BnlantI, and other northern territories. The 
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focal iiiorjf nes and^tbe foldingl and disturbances in the strata 
<» at the base •of ^he glacial deposits are looked upon as having 
•been j)roduced by th^ pressurti of the advancing masses of ice. 

The effects^of the eit)sive adlivky displt^’cd by the glacial 
water are apparent in the giant-cauldrons, in frequent 
pools, peat-bogs and circular lake-depressions, • and in the 
long, narrow channels which extend alnigst parallel with otic 
another in directions perpendicular to the southern margin of 
the former ice-sheet. 9 

“While the researched between Ihe North (lerman plain had 
in view, on the one hand, to establish the chronological sub- 
division of the glaoial deposits with t«fac help of the fossil! ferous 
strata, they have also been directed to explore the glacial and 
interglacial accumulations which bestrew the plain, and to 
determine the glacial system of hydrography. One o£t the 
most important results has been the proof that lidgCvS of end- 
moraine extend throughout Noith Germany from rtie Jiortbcrn 
borders of Schleswig-Holstein to West and East PrusHia, as 
well as the southern provinces of Posen and Silesia. TlWs 
observation that the ground -moraine of the last era of glacia’ 
tion presents the same features in front of cRid behind the 
band of end-moraines, indicates that these accumulations 
mark progressive stages in the retreat of the last ice-shcet, and 
originated during the pauses in the genera^ movement of with- 
drawal The detailed study of these hillocks and ridges <4 
enduBoraine, and the phenomena associated with theuA, first 
supplied the clue to the elucidation of the landscape features 
which owe their origin paitly to glacial erosion, partly to 
glacial and fluvio-glacial deposition. By this means, also, it 
became possible to distinguish the diffeient types of l^kes 
characteristic of this extensive are^ of ancient glaciation. 

“The glacial hydrography of ^le North German plain has 
recently had new light thrown upon it, in so far as the leading 
lines of ancient valleys have been brought into connection 
with the end-moraines of the inland ice. This*has afforded an 
explanation of the successive origin of the greal east-west 
valleys, each more northerly valley being younger than the next 
valley on the south. The ice in the last period of melting 
withdrew to a more norilierly position, and at each pause in 
the withdrawal, the waters which had previously been stemmed 
back by the end of the ice-sheet found a new way of escape/^ 
(Wahnschaffe, Zeifsdir d, d. geol. Ges., i 8 ^ 8 .) m 
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It is impossible to enier in detail into’ the important results 
of modern investigation of diluvial deposits* the more geneial ^ 
aspects hanc been fully treated ih a previous chapter (^f. pp."* 
220-239). ]\Iany qf the questions are slibjects oC controveisy at 
the present tJhie, such as the origin of the Loess deposits, the 
number of distinct Ice Ages, the geogiaphical idistribution of 
glacial formations, aisfl the age and significance oPthe various 
pebble, sand, and clay formations. Curiously ?5nougb, the 
youngest of the geological formati'snis was the last to be 
generally understood, and « its scientific investigation is a 
conspicuous feature of the present phase of progress in 
geology. ^ ^ ^ 

Tile c|uestion of the age of the human race, and the environ- 
ment of early man, brings geology into the closest relationship 
with ^ anthropology, and for the last four decades geology 
has done what it could to assist in the solution of the great 
problems associated with the beginnings of human life upon 
the earth’s suifacc. 

n 
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David Copperfield# By Charles Dickens. With Forjiy IlliB- 
trations by Hablot K. Browne (‘‘Phiz”). 

Ivanlloe* By Sir Walter Scott. With Eight Full-page Illustra- 
tions by Hugh M. Eaton. • 

Jane Eyre* By Charlotte Bronte. With Eight Full-page 
Illustrations, and Thirty-two Illustrations in the Text, and Photogravure 
Portrait of Charlotte Bronte. 

Jolin Halifax, Gentleman. By Mrs. Craik. With Eight Full- 

•• pg^e Illustrations by Alice Barber Stephens. ^ 

Miscrablcs^ Les* By Victor Hugo. With Twelve lull-page 
Illul!rati#ns. m 

Notre Darne* By Victor Hugo. With many Illustrations. 
Three Musketeer The* By Alexandre Dumas. With 
Twelve Phll-page Illustrations by T. Eyre Macklin, • 

Twenty Yearf After. By Alexandre Dumas. With numerous 

Illustrations., 

Vfcomte dc Bfagelonne, The. By Alexandre Dumas. With 
Eight Full-p«ge illustrations by Frank T. Merrill 

Louise de la Valliere. By Alexandre Dumas. With Eight 
Full-page illustrations by Frank T. Merrill 
The Man in the Iron Mask* By Alexandre Dumas. With 

• Eight Full-page Illustrations by Frank T. Memll 

Count of Monte-Crisfo, The* By Alexandre Dumas. With 
Sixteen FuU-page Illustrations by Frank T. Merrill 
Chicot, the Jester (La Dame de Monsoreau). By Alexandre 
Dunaas. Hew and Cor^kte Translation. With Nine Full-page Illus- 
trations by Frank T. Merrill 

Mar^erite de Valois* By Alexandre Dumas, New and 
Complete Translation* With Nine Illustrations by Frank T. Merrill 
Forty-Five Guardsmen, The* By Alexandre Dumas, flew 
and Complete Translation. With Nine Illustratioup'by Frank T. Merrill. 
War and Peace. By Count Tolstoy. Two Volumes. With 
Five Full-page Illustrations by E. H. Garrett 
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THE CONTEMPORARY SCIENCE ^^RIES. 

edited Jjy HAVELOCIC ELLIS. * 

• • • « 

NBW 90hUMSSB Crown Svo, Cloth, Price €»'. 

A ;STUDY KEOENT j^ARTHQUAKES.* 

By OhIrLES DAVISON, D.Sc., E.G-S., Author ot “The Hereford 

Earthquake of Becemher 17th, 1896/' # 

Tire aim of the author, who is a leading authority on this ^hject, is to 
provide a series of studies of a few earthquakes that i^ve been ii3irestl|ated 
recently by scientihc msthodsw-such aa the Neapolitan ea^hquake of 185f, the 
♦lachian earthquakes 9f 1881 and 1683, the Charleston eamquake of 188o, the 
Biviera earthquake of 1887,^ the Jawanedl earthquake of 1S91, the Hereford 
earthquake of 1896, the Indian earthquake of 1897, etc. 

• • 

Crown Svo, Clotii, Brice 6s. 

MOEALSs Their,F®yeli0-S©cSc||o^iea! B'S.ses- 

Translated from, the French of Buprat's Za MoraU^ 

By W. J. GEEENSTEEET, M.A., Headmaster of Marling School 

The Md of psychological research has been widened by the triple allknc^ 
of psychology, physiology, and sociology— an alliance at once of the most 
intimate and fundamental nature, and productive of far-reaching results. It 
need, therefore, Occasion no surprise that among the volumes of a*scientihc 
aeries is to be found a treatise dealing with ethical questions. Becent works 
on ethics have not been numerous, and the writers seem more anxious to soar 
^ into the realm of lofty thought than to lay the foundations of work that wiU 
bo positive and lasting. It would seem that the time has come for a system of 
ethics less ambitious in its aims, more restricted in its scope, and based on a 
%)r8 rigorous method of treatment. * 

* Crown Svo, Cloth, Brice ds. 

THE OF OlTiZEUBi A^Stwcly In 

O^mparativ© Edueation* • 

By K. B. EUGHEB, M.A., B.Sc., Author of “Schools at Home and Abroaiy 

It is instructive and interesting to have a complote and comprehensive 
account of both our own and foreign systems of education, based upon an 
exhaustive study of authoritative and official data. Mr. Hughes has set him- 
self the task of showing in detail and by & series of pictures, so to speak, 
what the four leading nations of the world— England, France, Germany, and 
America— are doing in the way of manufacturing citizens. The primary and 
secondary systems are described in detail, and social problems of nationaf 
education are described and diagnosed. ^ 

Crown Svo, Cloth, Price 6s. Wjjh 12 Portraits, 

History of* and FaSs^ontiiloo'* 

By KARL VON ZITTBL, Professor of Geology in the University of Mtnich. 

Translated by MARIE M. OGILVIB-GOEDON, B.Sc., Ph.D. 

?his work is recognised as the most complete and authoritative history of 
geology. It is brought doivn to the end of the nineteenth century. With the 
author's advice ^nd assistance the work has been slightly abridged by the 
omHsion of the less generally interesting matter. 

The Walter Scott Publishing Company, Limited, 
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A NEW SERIES OF' MONOaJ^APHS OF 
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Each ^i^lume illustrated with Twenty Fulhpage Reproductions 

^ and a Photogravure Portrait. 
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Square Cro'utM 8vo^ Cloth^ Gilt Top^ Deckled- Edges, ^s. 6d, neU 
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VOLUMES READY, 

LANI^EER, Sir Edwin. By James A. Manson. 

REYNOLDS, Sm Joshua. By Elsa b'Esterre-I^eeung. 

.TURNER^ J. M. W. By Robert Chignell, Author of 
“The Life and Paintings of Vicat Cole, R.A.” 

ROMNEY, George. By Sir Herbert Maxwell, Bart., 
F.R.S., M.P. . 

‘ Likely to rem^n the best account of the painter’s life. ” — Aihtnaum, 

WILKIE, Sir David. By Professor Ba^ne. 

CONSTABLE, John. By the Earl of PLVMOiyrH. 

# 

I^AEBURN, Sir Henry. By Edward Pinnington. 
GAINSBOROUGH, Thomas. By A. E. Fletcher. 
HOGARTH, William. By Prof. G. Baldwin Brown. 
•MOORE, Henry. JBy Frank J. Maclean. ^ 
LEIGHTON, Lord."* By Edgcumbe Staley. 
MORLAND, George. By D. H. Wilson, M.A., LL.M. 
WILSO'k, Richard. By Beaumont Fletcher. 

IN RRERARATIONm . • 

MILLAIS, Etc. 
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HUME’S ESSAYS 
HUNT, LEIGH, ESSAYS BY 
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LEOPARDI’S THOUGHTS AND. 

DIALOGUES , 

LESSING’S LAOCOON, AND 
0THER4VBITINGS 
LESSING’S NATHAN THE 
WISE, • 
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OD SUCCESS £N LITEKA- 
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LOWELL’S ESSAYS ON ENG- 
LISH POETS 
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TOLSTOY’S WHAT IS ART ? 
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WHITE’S NATURAL HISTORY 
OP SELBOBNB 

WHITMAN’S DEMOCRATIC 
VISTAS 

WHITMAN’S SPECIMEN DAYS 
WOLLSTONECEAFT’S RIGSTS 
OF WOMAN 

WORDSWORTH’S PROSE 


The Waltes Scoit Poblishing Company, Limited, 

• W3ND0N AND FELUNG-ON-TYNS. 



ifhe Canterbury Foets, 

Edited by WillIam Sharp. ^Cloth, Cut ancSH^ncuf fidgcs, is.; fled Roan, 
* Gilt Edges, 2s. Fad. Mobocco, Gi4 Edges, 5s. 

I St^^r/ar Edition Bound m Art Umn^^Uh Photogrmmu Frontis^ide^ zs^ 

• - • 


1 CHRISTIAN YEAR 

2 COLERIDGE . * 

^ LONGFELLOW* 

4 CAMPBELL 

5 SHELLEY 
« WORDSWORTH 

7 BLAKE 

8 WHITTIER • 

9 POE 

10 CHATTERTON 
BURNS. Songs 

12 burns. Poems 

isVarlowe 

14 KEATS 

15 HERBERT 

16 HUGO 

17 COWPER 

18 SHAKESPEARE’S POEMS, etc. 

19 EMERSON 

20 SONNETS OF THE NINE- 

TEENTH CENTURY 

21 WHITMAN 

22 SCOTT. Lady of tbe Lake, etc, 

23 SCOTT. Marmion, etc, 

24 PRAED 
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88, MATTHEW ARNOLD, 

89 CLOUGH’S BOtI-IIE 

90 BMWNING’S POEMS 

ftppa Passes, etc. Vol. i. 

91 BROWNING’S POEMS 

A Blot in the ’Scutcheon, etc. 
Vol. 2. 

92 BROWNING’S POEMS 

Dramatic Lyrics^ Vol. 3? 

93 MACKAY’S LOVER’S MIS- 

SAL ^ 

94 IIEnSy KIRKE WHITE 

95 LYRA NICOT?ANA 

96 AURORA LEIGH 

97 TENNYSON’S POEMS 

In Memoriam, etc. 
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• {J(^lue and Gold Binding.) ^ 

^iTErfAND TranslaIes) BY VVtLLIAM ARCHE^ 
Dramatic Critic of “The World.” • 

^ • 

Complete Works in Six Volumes. * Tkree Plaj^ to a Vofufnm 

VoL. I--“THE LEAGUE Of YOUTH/^ “THE PILLARS 
OF SOCIETY/^ and “A. DOLUS HOUSE^ 

• Wifh Portrait of the Aifthor, and Biographidlil Introduction by 
William Archsr. 

VoL. II.--“GHOSTS,” “AN ENEMY OF THE PEOPLE,”* 
and “THE WILD DUCK” • 

With an Introductory Note by William Archer. 

VoL. ML— “LADY INGER OR OSTRAT,’^ 

^ VIKINGS AT HE LGSL AND,” and “THE 

* PRETENDERS.” 

*With an Introductory Note by William ArcSier. ^ 

VoL. IV.— “EMPEROR AND GALILEAN.” (Ccesar’t 
Apostasy and The Emperor Julian.) 

With an Introductory Note by William Archer. 

VoL. V.— “ROSMERSHOLM,” “TilE LADY FROM* 
TPIE SEA,” and “HEDDA GABLER.” 

Translated by WILLIAM Archer. Wilb#ni Introductory Note. 

VoL. VI— “PEER GYNT.” A Dramatic Poem. '' - 

^ Translated by William Archer. 
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LIFE OF LONGFELLOW. By Pmkssoi E^jic S. Robertson. • 
LiFK OF COLERIDGE. By HalTCaink. 

LIFE OF DICKENS •By Frank T. M.\niiAV&. 

LIFE OF DAN'IE GABRIEL ROSSETTI. By J Kmcnr. 
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LIFE OF KEATS. By W. M. Rossetti. 
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LIFE OF SMOLLETT. By Davio Hannay. 
life of goldsmith. By Awstim Dob, sow. 

XJFE OF SCOTT. By Professor Yonce. 

LiFK OF BITRNS. By Frofesw Baackie. 

LIFE OF VICTOR HUGO. By Frank T. Uakitki^ 

LIFE OF EMERSON. By Richard Garnstt, LI-.D. 

LIFE OF GOETHE. By James Simb. 

LIFE OF CONGREVE, By Edmund Go‘’:.<t8 

LIFE OF BUNYAN. By Canon Vknabixs. 

t.iFa,OF CKABBE. By T. E. Kj'Bbku 
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LIFE OF SCHILLER. Ry Hknhy W. NsviNi?'^?? • 

LIFE OF CAPTAIN MARRY AT. By David Hannay. 

LIFE OF LESSING. By T. W. Roixestok 
LI FE OF m LTON. By R. Garnett. LL, D. 

LIFE OF BALZAC. By Fredkrick Wedmo*;e. 

LIFE OF GEORGE ELL /I. By O-^cak B»?own‘tno. 

LIFE OF JANE AUSTEN. By Goidwin 
LIFE OF BROWNING. By Willi aii Shari^. 

LIFE OF BYRON. Bv Hon. R«i en Noel. 

LIFE OF HAWTHORNE. By D. Conwav. 

life of SCHOFEN HAUEl^ By Prof«>sor Wallace. 

LIFE OF SHERIDAN. By Lloyd Sanders. 

LIFE OF THACKERAY, By Herman Msexyaix and Fkank 1 
Martial^. 

LIFE OF CKRVANl ES. Bv H. E. Watts 
LIFE OF VOLTAIRE? Ry Fkavcis K^pinas'S* 

IJFK OP LEIGH HUJg!'. By Cosmo .'.JoKKHOiisa; 

LIFE OF WHITTIER By W. } Lintok 
LIFE OF RKNAN. By Francis Espxwa&s*. 
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aOMFACT AND FFAfTISAZ. 

• . • 

Z'l LirnJ) X:isth^ for tUFocket' Price One Shilling, 

■ ‘ T«E European 


CONVEBSATI0N BOOKS. 


FRENCH • ITALIAN 

* SPANISH GERMAN 

•NORWEGIAN 


CONTENTS. 

Hints to Travellers— Every day Expressio?is— Arriving at 
and Leaving a Railway Station — Custom House Enqumies — In 
a Train — A t a Buffet and Restaurant — At an Hotel— Paying an 
Hotel B^ll— Enquiries in a Town — On Board Ship — Embarking 
and Disembarking — Excursion by Carriage — Enquiries as ty 
Diligences — Enquiries as to Boats — Engaging Apartments--* 
Washing List and Days of Week — Restaurant Vocabulary--- 
Telegrams and Letters^ etc,^ eic^ 

The contents of these little handbooks^ are so arranged as to 
permit direct and immediate reference. All^dialognes or enquiries not 
considered absolutely essential have been purgosely excluded, nothing 
being introduced which might confuse the traveller rather titen assist 
him. A few hints are given in the introduction which will 1^ founSt^. 
vahable to those unaccustomed to foreign travel. 
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THE HOUSE OF THE SEVEN GABLED 
THE BLITHETjALE ROMANCE. 

TANGLEWOOD TALES. 

TWICE-TOLD TALES. 

A WONDER-BOOK FOR GIRLS AND BOYS. 

CftjR OLD HOME. 

MOSSES FROM AN OLD MANSE 
THE SNOW IMAGE. 

TRl^E STORIES FROM HISTORY AND BIOGRAPHY. 
THE NEW ADAM AND EVE ^ 

LEGENDS OF THE PROVINCE HO^SE 

By OLIVER WENDELL HOLMES. 

THE AUTOCRAT OF THE BREAKFAST-TABLE. 

THE PROFESSOR AT THE BREAKFAST-TABLE 
THE POET AT THE BREAKFAST-TABLE 
ELSIE VENNEE 

By .HENRY THOREAU. 

ESSAYS AND OTHER WRITINGS. 

WALDEN; OR, LIFE IN THE WOODS. 

► A WEEK ON THE CONCORD. 
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OF USEFUL UAMDBQOKS. . Price 6d. each, . 
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Contributors-—]. Langdok Down, M.D., F.R.C.P.} ^r.NUY 
Power, M.B., F.R.C.S.; J. MoRXiMER-GRANViLtE,^ M.D.; 
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S. How to Writ©, A Manual of Composition and t.ctter Writing. 

4. How to D©bat0. With Hmtsi*on Public Speaking. # 

€. Dorft*t ; Directions for avoiding Common Er^rs of Speech. 

0. Tllfe Parental Don’t S Warnings to Parents. 

7 , Smok® and Drink. By James Parton. 

5. Elocution, B>^T. R. W. Pearson, M.A., of St, Catharine’s 

College, Cambridge, and E. W. Waithman, Lecturers on Elocution. 
9. The Secret of a Clear Head, 

10, Common SVIincI Troubles. « 

11* The Secret of* a Good Memonf, 

19. Youth : Its Care and Culture. « 

13. The Heart and Its Function, 
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